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Abstract. I combine mitochondrial DNA sequence data and paleoclimatic distribution 
models to analyze phylogeographic patterns and the historical demography of two Neotropical 
manakin species distributed along the Amazonian and Brazilian coastal forests: Pipra 
rubrocapilla and Dixiphia pipra. My study also seeks to answer two main biogeographical 
questions: i) what was the influence of Late Quaternary climate change on the distribution of 
genetic diversity within these species, and ii) what can we infer about historical connections 
between Amazonian and Atlantic Forest populations. To this end, I sequence 1041 bp of the 
NADH dehydrogenase subunit II (ND2) of 74 individuals of P. rubrocapilla (26 localities) and 
57 individuals of D. pipra (30 localities), and model the location of suitable climate for these two 
species under present-day conditions, the mid-Holocene (6,000 years ago, or 6 kya) conditions, 
the Last Glacial Maximum (LGM, 21 kya), and the Last Interglacial (LIG, 120 kya). Genetic 
data from both species suggest that populations in Eastern Amazonia are more closely related to 
those in the Atlantic Forest than to those in Western Amazonia, and support the hypothesis that 
these taxa originated in Amazonia and colonized the Atlantic Forest more recently. The most 
recent common ancestors of the Atlantic Forest populations date to the Pleistocene in both 
species. Species distribution models detected a possible connection between the southern 
Amazonia and the southern Atlantic Forest ranges of both species during the LGM, yet no 
connection was recovered between eastern Amazonia and the northeastern portion of the Atlantic 
Forest. Paleoclimate-based distribution models of P. rubrocapilla suggest a contraction of the 
species range in Amazonia during the LGM, followed by expansion into the present-day 
distribution. This hypothesis is supported by the molecular data, which recover signatures of 
demographic expansion in that biome. Models of D. pipra suggest higher stability in Amazonia 
relative to those of P. rubrocapilla, yet both ECHAM models and population genetic tests 
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suggest a northward expansion of the range after the LGM. Paleomodels suggest that the Atlantic 
Forest ranges of both species have not changed dramatically over the time periods here 
emphasized, yet considerable differences in suitability values were observed in LGM models. 
ECHAM-based paleomodels for the LGM period agree with preliminary models of the Atlantic 
Forest cover, suggesting higher suitability in the central and northern portion of the forest 
relative to the south. This is also consistent with the higher levels of genetic diversity in north 
and central Atlantic Forest sites relative to the southern localities, observed in both species. 
Signatures of historical demographic expansion in the south are detected in D. pipra, but not in 
P. rubrocapilla.  
 
Keywords: Dixiphia pipra, historical demography, Neotropical region, phylogeography, Pipra 
rubrocapilla, species distribution modelling. 
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1. Introduction 
 
Wide ranging species, particularly those with disjunct distributions, provide opportunities 
to study the effects of landscape features and environmental shifts on diversification processes 
and maintenance of diversity. This is true for many broadly distributed Neotropical species, 
several of which occupy the expansive equatorial Amazonian Forests and the coastal Atlantic 
Forest, and are absent from the intervening and drier Caatinga and Cerrado ecoregions. In this 
study, I use comparative phylogeography, in combination with paleoclimatic distribution models, 
to understand the evolutionary history of two widespread avian species with known disjunct 
distributions in Amazonia and the Atlantic Forest. This offers a chance to improve our 
understanding of contemporary patterns of Neotropical avian diversity and to promote insight 
about their underlying historical processes. 
 
The Red-headed manakin (Pipra rubrocapilla) and the White-crowned manakin 
(Dixiphia pipra) are two species of birds restricted to the understory of humid lowland forests in 
South America (Figs. 1 and 2). Pipra rubrocapilla occurs south of the Amazon River in Brazil, 
in eastern Peru, northern and eastern Bolivia, and in the lowland Atlantic Forest. Dixiphia pipra 
is more broadly distributed, occurring from Costa Rica to Amazonia and in the lowland Atlantic 
Forest (Ridgely & Tudor 1994). This species is widely variable geographically, with 13 
subspecies recognized based on non-molecular characters (Traylor 1979), and including at least 
seven distinct vocal types (Ridgely & Tudor 1994, Spencer 2012). Differences in behavior, 
plumage, and genetic composition have been documented for some of the subspecies pairs 
(Ohlson et al. 2013, Remsen et al. 2014).  
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Both species are known for their remarkable sexual dimorphism, elaborate courtship 
displays, and lek-breeding systems that attract females to mate (Sick 1967, Prum 1990, Castro-
Astor et al. 2004, Castro-Astor et al. 2007). These birds are also remarkably sedentary, 
remaining within well-defined courtship display areas for several years (Snow 1962a, Snow 
1962b, Castro-Astor et al. 2004, Castro-Astor et al. 2007). Such low dispersal and strict habitat 
requirements render them interesting models to study biological responses to past environmental 
changes. 
 
Through a study of P. rubrocapilla and D. pipra, I describe the phylogeographic structure 
within these species and ask two broad biogeographical questions: i) what was the influence of 
Late Quaternary climate changes on the population structure of these lowland forest species; and  
ii) what are the historical links between Amazonia and Atlantic Forests. Biological and 
geomorphological data suggest that Amazonia and the Atlantic coast of Brazil have been 
connected through distinct corridors during the Quaternary, through areas corresponding to the 
presently dry Cerrado and Caatinga (Willis 1992, Oliveira-Filho & Ratter 1995, Silva 1995, 
Oliveira et al. 1999, Auler & Smart 2001, Carnaval 2002, Costa 2003, Auler et al. 2004, 
Cabanne et al. 2008, Percequillo et al. 2011, Weir & Price 2011, Batalha-Filho et al. 2013a). 
Based on phylogenetic and geographic distribution data, Batalha-Filho et al. (2013b) suggested 
two main historical connections between Amazonia and Atlantic Forest: an old one (mid- to late 
Miocene), through the southern portion of the Cerrado and the southwest Brazilian state of Mato 
Grosso, including the Chaco and palm savannas of Bolivia and Paraguay regions (see also 
Oliveira 1999, Costa 2003, Aulelr et al. 2004, Wang et al. 2004, Cabanne et al. 2008), and a 
more recent connection (Pliocene to Pleistocene), through the northern Cerrado and Caatinga 
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(Tocantins and Bahia). Those analyses also suggest a younger pathway along the northeastern 
coast of Maranhão, Piauí, Ceará and Rio Grande do Norte. Using genealogies from complete 
sequences of the NADH dehydrogenase subunit 2 mitochondrial gene (ND2; 1041 bp) in 74 
individuals of P. rubrocapilla and 57 of D. pipra, I test the expectation that the phylogeographic 
patterns of P. ruprocapilla and D. pipra reflect signals of one of these recent, northern forest 
connections, rather than the older (Miocene) one. 
 
Forest refugia have been consistently tied to genetic diversity patterns and diversification 
both in Amazonia and the Atlantic Forest (Haffer 1969; Vanzolini & Williams 1970; Brown & 
Ab’Saber 1979, Carnaval & Moritz 2008, Carnaval et al. 2009). Haffer (1969) originally posited 
that the Amazonian forests contracted during the presumably drier and colder Last Glacial 
Maximum, leading to diversification and speciation. While this hypothesis has been contested 
(Capparella 1988, 1991, Cracraft & Prum 1988, Hackett & Rosenberg, 1990), Late Quaternary 
forest refugia have been reassessed more recently as important regions for diversity maintenance 
over time (eg. Carnaval & Mortiz 2008). To explore this topic, I employ an integrative approach 
and use the tools of species distribution modeling and snapshot simulations of paleoclimatic 
scenarios (Mid-Holocene [6,000 years ago or 6 kya], Last Glacial Maximum [LGM, 21 kya], and 
Last Interglacial [LIG, 120 kya]) to generate hypotheses about the former distribution and 
location of refugial areas for P. ruprocapilla and D. pipra under climatic scenarios. Along with 
the molecular data, I use these models to test for the effects of possible connection routes 
between Amazonian and the coastal populations. Furthermore, I use them to evaluate whether 
and how the putative environmental and range shifts of the Late Quaternary impacted the current 
patterns of genetic diversity within my target species. To this end, I quantify levels of population 
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divergence, gene flow, genetic structure, and signature of population expansion in P. 
rubrocapilla and D. pipra.  
 
2. Materials and Methods 
 
 
2.1. DNA sampling and sequencing 
 
 
 
Seventy-four liver or blood tissue samples of P. rubrocapilla (representing 26 localities) 
and 57 samples of D. pipra (representing 30 localities) were used in this study (Supplementary 
Table S1). Samples were obtained through loans from Museu Emílio Goeldi (MPEG), Museu de 
Zoologia da Universidade de São Paulo (MZUSP), Museu de Zoologia da Universidade Estadual 
de Feira de Santana (MZFS), the Field Museum of Natural History (FMNH), the American 
Museum of Natural History (AMNH) and Instituto Nacional de Pesquisas da Amazônia (INPA), 
and complemented with targeted field trips to eight Atlantic Forest localities (Supplementary 
Table S1). 
 
Molecular laboratory methods for DNA sequencing followed standard protocols. Whole 
genome DNA extraction was performed with a Qiagen DNeasy Blood & Tissue Extraction Kit 
(Qiagen, Valencia, CA). The entire mtDNA gene NADH dehydrogenase subunit II (ND2; 1041 
bp) was amplified with four primer combinations: L5216 (Sorenson et al. 1999) and H5766 
(Sorenson et al. 1999) or H6313 (Sorenson et al. 1999), L5602 (Ribas et al 2005) and H6312 
(Cicero & Johnson 2001), and L5204 (Cicero & Johnson 2001) and H6315 (Kirchman et al. 
2001). Amplification was performed with 4 µL 5X PCR buffer, 2 µL MgCl (25mM), 2 µL 
dNTP, 1.3 µL of primers (10 µM), 0.2 µL HotStart Taq polymerase, 8.2 µL H20 to 20 µL, and 1 
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µL of template. PCR conditions included a 2 min denaturation step (94°C), five cycles of 
denaturation at 94°C (30 s) followed by annealing at 58°C (30 s) and extension at 70°C (90 s), 
ten similar cycles at 56°C annealing temperature, ten cycles at 54°C annealing temperature, 15 
similar cycles at 52°C annealing temperature, followed by a final extension step (120s). PCR 
products were analyzed by gel electrophoresis, cleaned up with vacuum manifold (Eppendorf 5 
Prime), and re-suspended in 100uL of DNA free water. Sequencing reactions used a BigDye 
Terminator Kit (Applied Biosystems, USA). Cycle sequencing reaction products were 
precipitated with a 70% ethanol solution (100 µL), which was added to each product and 
centrifuged for 45 minutes at 27
o
C and 4000 rpm. Water (35 µL) was then added to each 
solution; sequencing reactions were run on a 3730XL DNA Analyzer (Applied Biosystems, 
USA), using instrument protocol 50cm POP7BDB-1. Electropherograms were edited and 
assembled in Geneious ver. 5.5 (Biomatters, available from http://www.geneious.com/). 
Alignments were visually inspected and corrected.  
 
 
2.2. Phylogenetic analyses and dating 
 
Phylogenetic analyses were performed with Bayesian Inference (BI) and Maximum 
Likelihood (ML) methods, using one representative of each unique haplotype per sampled 
locality. Sequences of Pipra chloromeros and Pipra mentalis obtained from GenBank (accession 
numbers KF228551 and EJ231669) were used to root the phylogenetic tree of P. rubrocapilla. 
For the analyses of D. pipra, Genbank sequences GU985502 and GU985500 (Heterocercus 
linteatus and Machaeropterus deliciosus) were used as outgroups. One Genbank sequence of P. 
rubricapilla from Caxiuanã, Pará (Brazil), as well as three sequences of D. pipra (from Costa 
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Rica, Guyana, and Ecuador) were added to the analyses (accession numbers KF228555, 
GU985497, KF228546, KF228547).  
 
Bayesian trees were built in Beast v 1.8.0 (Drummond et al. 2013). The program 
jModelTest v. 2.0.2 (Darriba et al. 2012) was used to identify the model of molecular evolution 
that best fit the data, using the Akaike Information Criterion (AIC, Akaike 1973), which was 
then applied to the Bayesian analysis. MrBayes analyses included two runs and four 
simultaneous Metropolis-coupled Markov chain Monte Carlo chains, each lasting 50,000,000 
generations. One tree was sampled every 1,000 generations, and the first 30% of the trees were 
discarded as burn-in using TreeAnnotator v 1.8.0; the remaining tree samples were used to 
generate a consensus tree and to estimate posterior probabilities. Convergence to stationarity was 
evaluated in TRACER 1.5 (Rambaut & Drummond 2009) using log-likelihood values. 
Maximum Likelihood trees were built with RAxML v7.2 (Stamatakis 2008), through the 
Cyberinfrastructure for Phylogenetic Research cluster (CIPRES Gateway 3.1), under default 
settings (GTR+Gamma+I). Median-joining networks (Bandelt et al. 1999) were built with 
NETWORK 4.6.1.1 (www.fluxus-engineering.com) to facilitate visualization of the relationships 
between haplotypes and their geographic distributions. 
 
To estimate proxies for divergence times between the target species and their respective 
sister species, as well as to promote insight about the time of divergence between Amazonian 
and Atlantic Forest populations for each of the study species, I used the ND2 data in a Bayesian 
analysis in BEAST v1.8.0 (Drummond et al. 2013). Based on the results of a Bayes Factors 
analysis (Li & Drummond 2012) implemented in TRACER’s v.1.5 (Rambaut & Drummond 
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2009), I chose the strict clock model for my analysis. This tree also included sequences of 
Machaeropterus deliciosus, Pipra cornuta, Pipra chloromeros, Pipra erythrocephala, and Pipra 
mentalis, and the more distant outgroups Lepidothrix coronata, Heterocercus linteatus and 
Manacus manacus. A model of molecular evolution best suited to the dataset was selected in 
jModelTest v2.0.2 and applied to the analysis. Using a model of strict clock but normally 
distributed substitution rates, I applied a 2.1% sequence divergence per million years (0.0105 
substitutions/site/lineage/million years), as per Weir & Schluter (2008). I ran BEAST for 
10,000,000 generations, sampling one tree in every 1,000 generations. TreeAnnotator v 1.8.0 
was used to burn-in 1,000 samples, and TRACER v.1.5 (Rambaut & Drummond 2009) was 
employed to assess convergence of posterior distributions. A coalescent constant size prior was 
applied using default parameters.  
 
To evaluate whether the mtDNA geographical patterns within D. pipra are congruent 
with the many subspecies previously described with non-genetic data, I compared the ranges of 
the mitochondrial lineages here identified with published ranges of the subspecies of D. pipra 
(Traylor 1979). Whenever a monophyletic mtDNA lineage matched the range of a named 
subspecies, I applied that name to the samples in question. I also assessed nucleotide divergence 
(Dxy and Da) among these D. pipra lineages – specifically D. p. microlopha, D. p. pipra, D. p. 
separabilis, and D. p. cephaleucus – as well as among P. rubrocapilla lineages, using standard 
equations (Nei 1987) in DnaSP v. 5.10.01 (Librado & Rozas 2009). Here, Dxy is the average 
number of nucleotide substitutions per site between populations and Da is the number of net 
nucleotide substitutions per site between populations. 
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2.3. Climatic Modeling  
 
 
Species distribution models (SDMs; also frequently termed ecological niche models or 
bioclimatic envelope models) are statistical tools that combine occurrence localities documenting 
a species presence (or sometimes abundance) with current environmental data to model the 
potential range of a species (Elith & Leathwick 2009). I used SDMs to predict the location of 
suitable areas for P. rubrocapilla and D. pipra under present-day conditions, the LGM (21 kya), 
the mid-Holocene (6 kya), and the LIG (120 kya), and to evaluate possible historical connections 
between Amazonia and Atlantic Forest. Models were built with the maximum entropy machine-
learning algorithm MaxEnt v. 3.3.3e (Phillips et al. 2006). MaxEnt models are built from 
presence and background data and perform well relative to other distribution modeling 
approaches (Elith et al. 2006).  
 
Species occurrence records were obtained from the online databases xeno-canto 
(http://www.xeno-canto.org/) and GBIF (http://www.gbif.org/), museum collections (MPEG, 
MZUSP, MZFS, FMNH, AMNH), as well as my own fieldwork. Males of these two species are 
morphologically distinct from each other and easy to identify, rendering the records available 
online reliable taxonomically. Approximatelly 90% of the occurrence points used for model 
building were based on GPS data. To confirm whether all point localities fell within the known 
geographic distributions of the target species, I used the Handbook of Birds of the World 
(Ridgely & Tudor 1994, Del-Hoyo 2004) toghether with Google Earth (http://earth.google.com/), 
and eliminated records with obvious geo-referencing errors. To reduce misleading spatial 
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autocorrelation (due to biased sampling; Boria et al. 2014), I randomly removed occurrence 
records that were less than 10 km apart from each other, using DIVA-GIS v. 7.5.0.0 (Hijmans et 
al. 2012). This resulted in 101 records for P. rubrocapilla and 166 for D. pipra (Supplementary 
Tables S2, S3), which were used for model building purposes. Occurrence data for each species 
were randomly partitioned into calibration (75%) and evaluation (25%) datasets (but see 
Radosavljevic & Anderson 2014 for other partitioning schemes). 
 
To select the study regions for model calibration and background sampling, I created 
polygons surrounding the geographic distribution of each species, including areas where the 
species occur (in the Atlantic Forest and Amazonia) as well as regions between these two 
ecosystems (the Caatinga/Cerrado region), where the species are absent due to lack of suitable 
conditions (Anderson 2012). A maximum number of 10,000 background points was used to 
build the models, as per MaxEnt’s default settings.  
 
To select the most appropriate settings in MaxEnt, models were run under various 
combinations of factors that affect model complexity. Specifically, five combinations of feature 
classes (linear-quadratic-hinge, linear-quadratic-product, linear-quadratic-product-hinge, linear-
quadratic-product-threshold, and linear-quadratic-product-threshold-hinge) were each paired 
with each of seven regularization multipliers (ranging from 1 to 4, every 0.5). I varied feature 
classes and regularization multipliers to select the setting that produced the best performing 
models (optimal complexity), i. e. models with the least degree of overfitting and the highest 
discriminatory ability (Phillips & Dudík 2008, Shcheglovitova & Anderson 2014). To do so, the 
35 different model outputs were compared, and those with the smallest test omission rate 
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(according to the 10 percentile training presence threshold of MaxEnt; Pearson et al. 2007) were 
selected for further investigation. Of those selected models, I then chose the one (or those) that 
maximized the Area Under the Curve (AUC) of the Receiver Operating Characteristic plot 
obtained for the test data within the calibration region (Fielding & Bell 1997; Supplementary 
Figs. S1, S2). All subsequent models of these species, including those projected into the past, 
were built using these settings and all filtered occurrence localities. I used the logistic default 
output format for model suitability values, which depicts the probability of presence (ranging 
from 0 to 1) based on the assumption that gird cells with locality records have probability of 
presence of 0.5 (Phillips & Dudík 2008, but see Royle et al. 2012 and Hastie & Fithian 2013 for 
a critical review). 
 
When the models required extrapolation into nonanalog conditions, I chose to “clamp” 
the species’ response surface, assinging the suitability level observed at the point of truncation to 
all grid cells in which the environmental conditions were different from those of the training 
points (Anderson 2013). Next, I examined the Multivariate Environmental Similarity Surfaces 
(MESS) produced by MaxEnt to visualize those areas where the climatic variables fell outside 
the range observed among the training data (Eliith et al. 2010). Then, I examined the clamping 
map produced by MaxEnt, which identifies the areas where the prediction is most affected by 
variables outside the training range, and used them to guide my interpretation of the models. 
When generating demographic hypotheses based on these maps, I ignored any predictions in 
clamped regions. 
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All SDMs were generated at 2.5 min resolution (~1 km2 near the equator), using the 19 
bioclimatic variables available through WorldClim (Hijmans et al. 2005). These SDMs were 
then applied to paleoclimatic models by the Community Climate System Model (CCSM) for 21 
ka and 120 ka (http://www.ccsm.ucar.edu/; Kiehl & Gent 2004). To be consistent with 
preliminary models of Atlantic Forest cover (Carnaval & Moritz 2008), I also used the 
Paleoclimatic Modelling Intercomparison Project ECHAM3 atmospheric general circulation 
model for 6 kya and 21 kya (Deutsches 1992) to test the influence of Late Quaternary climate 
change in the historical demography of these two species.  
 
2.4. Population genetic analyses  
 
Population genetic analyses included estimates of nucleotide diversity and statistical tests 
to detect demographic expansion. The neutrality test indices Tajima’s D (Tajima 1989) and Fu’s 
Fs (Fu 1997) was calculated in ARLEQUIN 3.5.1.2 (Excoffier et al. 2005), and the population 
size change test R2 (Ramos-Onsins & Rozas 2002) and the distribution of pairwise nucleotide 
differences (mismatch distribution; Rogers 1995) were implemented in DnaSP v. 5.10.01 
(Librado & Rozas 2009). Significant negative values of these test statistics suggest demographic 
expansion; p-values < 0.05 were employed as evidence of departure from a model of constant 
population size. For the R2 test, significance was assessed based on 1000 coalescent simulations, 
which assumed neutrality and equilibrium conditions.  
 
I measured genetic variation within populations by calculating nucleotide diversity.  For 
P. rubrocapilla, nucleotide diversity and population size changes were evaluated within the 
15 
 
following regions: Amazonia (all samples south of the Amazon River and in the state of Mato 
Grosso; localities in yellow, Fig. 5), Northern Atlantic Forest (localities 1 to 6, Fig. 5), Central 
Atlantic Forest (localities 7 to 12, Fig. 5), and Southern Atlantic Forest (locality 13, Fig. 5). In D. 
pipra, diversity and historical demography were described for the following five areas: 
Southwestern Amazonia (dark blue localities in Fig. 7), Northern Amazonia (black localities in 
Fig. 7), Eastern Amazonia (yellow localities in Fig. 7), Central Atlantic Forest (localities 1 to 5, 
Fig. 7) and Southern Atlantic Forest (localities 6 to 9, Fig. 7). Given the larger number of P. 
rubrocapilla samples available per locality in the Atlantic Forest relative to Amazonia, I only 
quantified the population differentiation index (Fst) from Atlantic Forest sequence data, using 
ARLEQUIN 3.5.1.2 (Excoffier et al. 2005). When the number of individuals per locality varied 
between four and seven birds per site, I estimated Fst using all samples available. For those 
localities with many more samples, I used a random number generator to select seven individuals 
per locality, and used them to estimate levels of population differentiation. Statistical 
significance of Fst values was tested using 10,000 permutations. To describe the degree of 
population genetic structure within and among these target areas, I performed an analysis of 
molecular variance (AMOVA, Excoffier et al. 1992) in ARLEQUIN 3.5.1.2 (Excoffier et al. 
2005). For P. ruprocapilla, I set up a hierarchical AMOVA to analyze how genetic variation was 
partitioned between the Amazonian and Atlantic Forest regions, further partitioning the Atlantic 
Forest samples into two sub-groups informed by my phylogenetic analysis: one included those 
samples from the Northern Atlantic Forest, and the other group combined samples from the 
southern and central areas. For D. pipra, the Amazonian group was divided into Southern, 
Northern and Eastern Amazonia. D. pipra samples from the Atlantic Forest were left as a single 
group, given that this species does not occur in northeastern Brazil.  
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3. Results 
 
Out of the 1041 bp of the ND2 gene, 32 sites were polymorphic in P. rubrocapilla, and 
49 were polymorphic in D. pipra (Supplementary Tables S4, S5). Model fitting indicated that 
the GTR+I model was the best fit to the data. 
 
The phylogenetic analyses of P. rubrocapilla placed all Atlantic Forest samples within 
one well-supported haplogroup (Bayesian posterior probability, or PP = 0.95; ML bootstrap 
84%; Fig. 1), yet this did not happen with the Amazonian samples. One individual collected in 
Pará (Amazonia) was nested within the haplogroup that included all Atlantic Forest samples. The 
remaining Amazonian samples fell into a haplogroup that was only moderately supported in the 
Bayesian analysis (PP = 0.90) and not recovered as a monophyletic group in the maximum 
likelihood analysis. These two haplogroups, identified by the Bayesian analysis only, showed 
very low levels of divergence (Dxy = 0.83% and Da = 0.52%). 
 
The analyses recovered genetic structure within both Amazonian and Atlantic Forest P. 
rubrocapilla. In Amazonia, a reasonably well-supported haplogroup is distributed immediately 
north of the Mato Grosso-Amazonas border (Bayesian PP = 0.96; ML bootstrap = 71%, Fig. 1). 
In the Atlantic Forest, structure is evidenced by a highly supported haplogroup with samples 
from the northeastern states of Pernambuco and Alagoas (Bayesian pp = 1; ML bootstrap = 
98%), as well as a haplogroup with representatives in Alagoas and Bahia (Bayesian PP = 1; ML 
bootstrap = 91%). Samples from more southern sites in the states of Espírito Santo and Rio de 
Janeiro clustered with a subset of haplotypes also present in Bahia, yet with low support.  
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Fig. 1. Phylogenetic hypotheses of Pipra rubrocapilla (left: Bayesian Inference; right: 
Maximum Likelihood) based on 1041 bp of the ND2 gene. Identical haplotypes, when found at 
the same locality, are represented here by a single individual. Numbers above branches 
correspond to posterior probabilities and bootstrap values, respectively. Pipra mentalis and 
Pipra chloromeros were used as outgroups (not shown). Haplotypes are color-coded according 
to localities, as shown on the map. Localities in grey were used for species distribution 
modeling only (tissues not available). 
18 
 
 
The phylogenetic analyses of D. pipra recovered a highly supported Atlantic Forest 
haplogroup (Bayesian pp = 1; ML bootstrap = 99%), while individuals collected in Amazonia 
formed a paraphyletic group. The ND2 genealogy indicates the presence of two major 
haplogroups within D. pipra: a highly supported group is distributed in Southwestern Amazonia 
(localities in dark blue, Fig. 2; Bayesian pp = 1; ML bootstrap = 99%), whereas a reasonably 
well supported group includes samples from Northern and Southeastern Amazonia, as well as 
the Atlantic Forest (black, orange and red sites, Fig. 2; Bayesian pp = 1; ML bootstrap = 78%). 
There is genetic structure within Amazonian samples, including a well-supported haplogroup 
including the northernmost samples (black, Fig. 2; Bayesian pp = 1, ML bootstrap = 77%); and 
a group comprised by individuals from southeastern Amazonia (orange, Fig. 2; Bayesian pp = 1, 
ML bootstrap = 84%). Well-supported haplogroups were also found within the Atlantic Forest 
(red, Fig. 2).  
 
The phylogenetic analyses of D. pipra also recovered four major lineages whose 
geographical distributions correspond to those of previously described subspecies. They are: D. 
p. microlopha (Western Amazonia, dark blue localities, Fig. 2), D. p. pipra (Northern Amazonia, 
black localities, Fig. 2), D. p. separabilis (Eastern Amazonia, orange localities, Fig. 2), and D. p. 
cephaleucus (Atlantic Forest, red localities,  Fig. 2). The levels of nucleotide divergence among 
these D. pipra lineages ranged from 0.59% to 2.06% (Da), with the highest values observed 
between the Western Amazonian D. p. microlopha and the Atlantic Forest D. p. cephaleucus and 
the lowest divergences detected between the Northern Amazonian D. p. pipra and the Eastern 
Amazonian D. p. separabilis (Table 1). 
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Fig. 2. Phylogenetic hypotheses of Dixiphia pipra (left: Bayesian Inference; right: Maximum 
Likelihood) based on 1041 bp of the ND2 gene. Identical haplotypes, when found at the same 
locality, are represented here by a single individual. Numbers above branches correspond to posterior 
probabilities and bootstrap values, respectively. Heterocercus linteatus and Machaeropterys 
deliciosus were used as outgroups (not shown). Haplotypes are color-coded according to localities, as 
shown on the map. Localities in grey were used for species distribution modeling only (tissues not 
available). Gray vertical bars (left) indicate subspecies names, identified through comparisons of the 
observed geographic ranges of the mtDNA lineages and documented ranges of D. pipra subspecies, 
as described by Traylor (1979). 
20 
 
 
Table 1. Percentage of nucleotide divergence (ND2) among Dixiphia pipra 
lineages (see Fig. 2). Dxy = average number of nucleotide substitution per site 
between populations, Da = number of net nucleotide substitution per site 
between populations. 
Lineages Dxy (%) Da (%) 
D. p. microlopha vs. D. p. cephaleucus 2.11 2.06 
D. p. microlopha vs. D. p. pipra   1.71 1.56 
D. p. microlopha vs. D. p. separabilis 1.79 1.52 
D. p. cephaleucus vs. D. p. pipra 1.41 1.25 
D. p. cephaleucus vs. D. p. separabilis 1.37 1.09 
D. p. pipra vs. D. p. separabilis 0.96 0.59 
 
 
 
3.2. Divergence time estimation 
 
 
The most recent common ancestor of all P. rubrocapilla samples dates to the Mid- 
Pleistocene period (ca. 0.545 Mya; median value; 95% of the highest posterior density [HPD] = 
0.296-0.902) while the most recent common ancestor of all D. pipra specimens dates to the Late 
Pliocene to Early Pleistocene (ca. 2.437 Mya; median value; 95% of the highest posterior density 
[HPD] = 1.419-3.792; Supplementary Fig. S3). The dated phylogeny of D. pipra suggests that D. 
p. microlopha, which now occurs in Southwestern Amazonia, was the first Brazilian lineage of 
D. pipra to diverge (median value 1.056 Mya; 95% of the highest posterior density [HPD] = 
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0.581-1.731). Divergence between D. p. pipra, which now occurs in Northern Amazonia, from 
the remaining lineages here sampled is timed around 0.660 Mya (median value; 95% of the 
highest posterior density [HPD] = 0.360-1.1). Divergence between D. p. separabilis (now in 
Eastern Amazonia) and D. p. cephaleucus (restricted to the Atlantic Forest) was estimated to 
have occurred 0.548 Mya (median value; 95% of the highest posterior density [HPD] = 0.283-
0.910. Within P. rubrocapilla, the most common recent ancestor of all Atlantic Forest samples 
dates to the Mid- to Late Pleistocene (0.383 Mya; median value; 95% of the highest posterior 
density [HPD] = 0.191-0.648).  
 
3.3. Climatic Modeling 
 
In P. rubrocapilla, two model settings resulted in equally low test omission rate and high 
test AUC value: one with three feature classes (linear-quadratic-hinge, or LQH) and a 
regularization value of 3, and one with the same classes (LQH) and regularization multiplier 
value of 3.5. In D. pipra, the equally best models were based on three feature classes (LQH) and 
regularization multipliers 1.5 and 2.0. Because the models run with these setttings were very 
similar, I present and discuss final models developed with a regularization multiplier value of 3 
for P. rubrocapilla and 2.0 for D. pipra. 
 
Species distribution models developed under current climatic conditions showed 
reasonably good performance for both species. Regarding the threshold-independent measures, 
the highest AUC evaluation (highest overall performance) was 0.84 for P. rubrocapilla 
(Supplementary Fig. S1) and 0.80 for D. pipra (Supplementary Fig. S2), and, for the threshold-
dependent measures, the lowest omission rate (lowest overfitting leading to optimal complexity) 
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was 0.04 for P. rubrocapilla (Supplementary Fig. S1) and 0.09 for D. pipra (Supplementary Fig. 
S2). The models nonetheless predicted P. rubrocapilla to occur in areas where it is not currently 
found (Fig. 3). This includes the very northern region of the Amazonian forest (Colombia, 
Southwestern Venezuela, Peru, Bolivia, French Guiana, Suriname, and Guyana), the region west 
of the Andes (in northern Peru and Colombia), as well as in Panamá and Costa Rica. For D. 
pipra, overpredictions occurred in southern Brazil (states of São Paulo, Paraná, Santa Catarina 
and Rio Grande do Sul), eastern Argentina, and Paraguay. Projections onto past climatic 
scenarios suggest that the distribution of these species in the mid-Holocene (6 kya) remained 
largely similar to today’s ranges (Figs. 3A, B and 4A, B). Projections onto the Last Interglacial 
Maximum (LIG) also support a similar range, in some cases slightly expanded, for both species 
(Figs. 3E and 4E).  
 
There is, however, disagreement between the location of inferred suitable areas during 
the Last Glacial Maximum, depending on the climatic reconstruction utilized. In P. rubrocapilla, 
the CCSM model predicts fragmentation in the Amazon, yet inland expansion of suitable areas 
throughout the Atlantic coast. Although no clamping is observed in the CCSM-based LGM 
model, these paleoclimatic variables in the Atlantic Forest were outside the range of the 
environments present in the training data (see MESS map in Supplementary Figure S4).  The 
ECHAM model, on the other hand, suggests that the coastal distribution of the species was 
similar to today’s, and that suitable conditions were more continuously distributed thoughout 
Amazonia (Fig. 3C). However, because the location of clamped regions in the ECHAM model 
(hatched region in Fig. 3C), as well as the MESS map (Supplementary Figure S4), indicate that 
ECHAM-based models of the distribution of P. rubrocapilla in Amazonia during the LGM were 
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based on extrapolation into non-analog climates, the estimated suitability for this region should 
be interpreted with caution. 
 
 In D. pipra, inferred LGM suitability in the Amazon was generaly similar to today’s in 
both ECHAM and CCSM models (Fig. 4C, D). Yet, the CCSM model predicted an inland 
expansion of the coastal distribution, which was not recovered by the ECHAM model. However, 
both the clamiping and MESS maps showed that the paleoclimatic variables of the CCSM model 
were outside the range present in the calibration region (Fig. 4D; Supplementary Fig. S4), 
suggesting caution with its interpretation. MESS maps and the location of clamped regions in 
both ECHAM and CCSM models demonstrate that the paleoenvironmental conditions in the 
southern South American region, which was inferred as highly suitable, fell outside the range 
present in the calibration region (Fig. 4; Supplementary Fig. S4) – again suggesting caution with 
the interpretation of model outputs. 
 
Our paleoclimatic models provided some insight about the potential for connectivity 
between Amazonia and the Atlantic Forest. For P. rubrocapilla, the LIG model indicates the 
existence of areas with low suitability connecting the Southern Amazon with the southern 
Atlantic forests through a corridor that crosses the interior states of Mato Grosso, Mato Grosso 
do Sul, and Goiás (Fig. 3E). For D. pipra, the model indicates a generally similar and very broad 
potential connection during the LIG, with low to moderate suitability values in areas between the 
Southern Amazon and the southern Atlantic Forest (Fig. 4E). A connection between eastern 
Amazonia and the northeastern region of the Atlantic Forest was not recovered in any time 
period or climatic reconstruction used. 
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Figure 3. Modelled suitable climatic conditions for Pipra rubrocapilla across Quaternary climatic fluctuations, and current climate. 
Green color indicates low predicted suitability, yellow to red colors indicate higher values, white areas indicate those pixels with 
values below the Minimum Training Presence (MTP) threshold, as determined based on the calibration data. Dots on the right-hand 
map depict localities of known species occurrence; dots on the CCSM and ECHAM models indicate Atlantic Forest localities for 
which genetic data were collected. Areas where predictions are most affected by variables outside the training range of the model are 
hatched. Note that the model was trained on a smaller geographic extent (see Methods). 
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Figure 4. Modelled suitable climatic conditions for Dixiphia pipra across Quaternary climatic fluctuations, and current climate. Green 
color indicates low predicted suitability, yellow to red colors indicate higher values, white areas indicate those pixels with values 
below the Minimum Training Presence (MTP) threshold, as determined based on the calibration data. Dots on the right-hand map 
depict localities of known species occurrence; dots on the CCSM and ECHAM models indicate Atlantic Forest localities for which 
genetic data were collected. Areas where predictions are most affected by variables outside the training range of the model are 
hatched. Note that the model was trained on a smaller geographic extent (see Methods).
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3.4. Population genetic patterns and structure tests 
 
Sixty-four unique haplotypes were identified in this study: 28 for P. rubrocapilla, and 42 
for D. pipra (Figs. 5 and 7).  In P. rubrocapilla, average nucleotide diversity (π) was only 
slightly higher in the Atlantic Forest relative to the Amazonian samples (Fig.5, Table 2, Atlantic 
Forest  π = 0.330±0.019; Amazon π = 0.291±0.182). Within the Atlantic Forest, those 
individuals collected in the north (localities 1 to 6, Fig. 5), hereafter referred to as Northern 
Atlantic Forest sites, showed higher nucleotide diversity (π = 0.124±0.089) relative to samples 
from the central (localities 7 to 12, Fig. 5) and southern (locality 13, Fig. 5) areas (π 
0.106±0.080; π p < 0.001, Table 2). However, the difference was not significant (Wilcox. Test = 
7395, p = 0.65). The hierarchical AMOVA results indicate that 29% of the overall genetic 
diversity is partitioned between the Amazon and Atlantic Forest regions (p = 0.33). Fifty percent 
of the genetic variation is explained by differences between subgroups (two subgroups were 
defined in the Atlantic Forest, whereas only one was defined in Amazonia; FSC 0.71, p < 0.001). 
The remaining 21% of the genetic variation is found within subgroups (FST 0.79, p < 0.001).  
 
The star-like topology of the haplotype network, the results of the population expansion 
tests, and the shape of the mismatch distributions all suggest historical demographic expansions 
in the Amazon region (Fu’s Fs  –3.499, p = 0.022; R2 0.073, p < 0.001; Tajima’s D  – 1.56, p = 
0.056; Table 2, Figs. 5, 6) and in the Northern Atlantic Forest (Tajima’s D – 2.051, p = 0.002 
and R2  – 0.059, p = 0.020; Table 2; Figs. 5, 6); no expansion or bottleneck is inferred for the 
remaining areas (Table 2).  
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The genetic data also reveal high levels of genetic structure within this species. Several 
pairwise Fst estimates among population pairs from Atlantic Forest were significantly large, 
ranging between 0.5 to 1.0 (p < 0.05; Table 3). Little or no genetic differentiation was nonehtless 
observed among the northern sites of Mata do Estado, Timbaúba, and Ibateguara, and among the 
central localities Michelin, Serra da Jibóia, and Ilhéus (Table 3). 
 
 
 
Fig. 5. Left: median joining network showing all samples of Pipra rubrocapilla (1041 bp of 
ND2, n = 74 sequences), and their sampled areas. Right: Inset showing detailed distribution of 
haplotypes in the Atlantic Forest. Numbers represent localities (see Supplementary Information 
Table S1). 
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Table 2. Mitochondrial NADH dehydrogenase subunit 2 (ND2) nucleotide diversity (π), Tajima's 
D, Fu's Fs, and Ramos-Onsins and Rozas R2 statistics for Pipra rubrocapilla. 
Groups N Ha π (%) Tajima's D Fu's Fs R2 
    obs. P obs. P  obs. P 
Amazonia 13 9 0.291 ±0.182 -1.562 0.056  -3.499 0.022* 0.073 < 0.001* 
Atlantic Forest 60 10 0.330 ±0.190     0.204 0.629  1.254 0.767 0.110 0.568 
Northern 33 7 0.124 ±0.089 -2.051 0.002* -1.707 0.159 0.059 0.020* 
Central 22 2 0.106 ±0.080  0.883 0.800  3.332 0.940 0.184 0.782 
Southern 5 1 0.000 ±0.000  0.000 1.000 - - - - 
N: Number of individuals, Ha: Number of haplotypes, * Significant values. 
 
 
 
 
Fig. 6. Mismatch distributions of P. rubrocapilla haplotypes. Graphs show the frequency distribution 
of pairwise nucleotide difference between individuals. Dashed lines represent observed data. Solid 
lines represent expected values under a model of demographic expansion. 
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Table 3. Genetic distance (Fst) between populations of Pipra rubrocapilla based on Mitochondrial 
NADH dehydrogenase subunit 2 (ND2) in the Atlantic Forest. * Significant, values P <0.05. 
 Timbaúba Mata do Estado Ibateguara Serra da Jibóia Michelin Ilhéus R. União 
Timbaúba - - - - - - - 
Mata do Estado 0.028 - - - - - - 
Ibateguara 0.000 0.103 - - - - - 
Serra da Jibóia 0.795
*
 1.000
*
 0.667
*
 - - - - 
Michelin 0.732
*
 1.000
*
 0.585
*
 0.000 - - - 
Ilhéus 0.686
*
 0.922
*
 0.546
*
 0.028 0.000 - - 
R. União 0.709
*
 1.000
*
 0.583
*
 1.000
*
 1.000
*
 0.781
*
 - 
 
In D. pipra, nucleotide diversity was much higher in the Amazon (π 1.004 ±0.532) 
relative to the Atlantic Forest (π 0.052±0.049; Table 4; Fig. 7). Within the Amazonian region, the 
eastern haplogroup showed highest diversity (π 0.500±0.340), followed by the Northern 
haplogroup (π 0.255±0.166), and, lastly, the southeastern group (π 0.039±0.049; Table 4). Within 
the Atlantic Forest region, the central region showed highest diversity (π 0.076±0.069) relative to 
the south (π 0.013±0.022; Table 4; Fig 8). AMOVA analyses show that 16% of the overall 
variation corresponds to the split between the Amazon and Atlantic Forest regions (FCT 0.16, p 
= 0.501). The majority of the genetic variation (76%) is partitioned among the three Amazonian 
regions (Southeastern, Eastern, Northern; FSC 0.90, p < 0.001). The remaining 8% of the genetic 
variation is found within these areas (FST 0.92, p < 0.001).  
 
Two population genetic tests suggest historical population expansion in the Northern 
Amazon haplogroup (Fu’s Fs – 7.44, p < 0.001; R2 0.070, p < 0.001; Table 4, Fig. 8), in 
30 
 
agreement with the network topology and mismatch analyses (Figs. 7 and 8). One test identified 
a signature of expansion in the southern range of the Atlantic Forest (R2 0.069, p < 0.001, Table 
4).  
 
 
 
Fig. 7. Left: median joining network showing all samples of Dixiphia pipra (above, 1041 bp of 
ND2, n = 57 sequences), and their sampled areas. Right: Inset shows detailed distribution of 
haplotypes in the Atlantic Forest. Numbers represent localities (see Supplementary Information 
Table S1). 
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Table 4. Mitochondrial NADH dehydrogenase subunit 2 (ND2) nucleotide diversity (π), Tajima's 
D, Fu's Fs, and Ramos-Onsins and Rozas R2 statistics for Dixiphia pipra. 
Region N Ha π (%) Tajima's D Fu's Fs R2 
    obs. P obs. P obs. P 
Amazonia (all sites) 21 17 1.004±0.532 -0.238 0.473 -4.422 0.043 0.112 0.328 
Southwestern 5 2 0.039±0.049 -0.816 0.319 0.090 0.295 0.400 0.764 
Northern 11 10 0.255±0.166 -1.262 0.100 -7.440 < 0.001* 0.070 < 0.001* 
Eastern 5 5 0.500±0.340 -0.109 0.543 -1.283 0.118 0.118 0.016 
Atlantic Forest  36 3 0.052±0.049 0.244 0.657 0.346 0.483 0.136 0.499 
Central 08 3 0.076±0.069 0.069 0.606 -0.224 0.197 0.213 0.230 
Southern 28 2 0.013±0.022 -0.741 0.224 -0.380 0.152 0.069 < 0.001* 
N: Number of individuals, Ha: Number of haplotypes, * Significant values 
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Fig. 8. Mismatch distributions of Dixiphia pipra haplotypes. Graphs show the frequency distribution 
of pairwise nucleotide difference between individuals. Dashed lines represent observed data. Solid 
lines represent expected values under a model of demographic expansion. 
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4. Discussion 
 
Phylogeographic analyses of D. pipra and P. rubrocapilla 
 
A preliminary time-callibrated mtDNA phylogeny that includes D. pipra, P. rubrocapila, 
and other manakin species suggest that these species originated in the Pliocene or Pleistocene. 
The estimated time to the most common recent ancestor differed across species, being older in D. 
pipra relative to P. rubrocapilla.  
 
The high support of some of the haplogroups allows me to draw important 
biogeographical conclusions. For instance, results from both species suggest that populations in 
Eastern Amazonia are more closely related to those in the Atlantic Forest than to those in 
Western Amazonia. A similar pattern has been documented in other bird species (Cracraft & 
Prum 1988, Bates et al. 1998, Marks et al. 2002, Costa 2003, Ribas & Miyaki 2004, Nyári 
2007). Moreover, in D. pipra, the mtDNA topology suggests that populations in the Chocó 
region are more closely related to those in Central America as opposed to those in Western 
Amazonia, again similarly to that described in other bird groups by Brumfield & Capparella 
(1996), Hackett (1996), Cracraft & Prum (1988), Bates et al. (1998) and Prum (1988). 
 
In D. pipra, my analyses also identified major Amazonian lineages that are bounded by 
rivers, matching documented ranges of the subspecies D. pipra microlopha (Western Amazonia), 
D. pipra pipra (Northern Amazonia), and D. pipra separabilis (Eastern Amazonia). The 
distributions of these mitochondrial lineages are in agreement with centers of endemism 
previously described by Haffer (1978) and Cracraft & Prum (1998) – more specifically the 
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Inambari and Napo endemism center (D. pipra microlopha), the Guyana endemism center (D. 
pipra pipra), and the Belém-Pará endemism center (D. pipra separabilis) – matching the 
distribution of diversity in many other species of birds (Brumfield & Capparella 1996, Bates et 
al. 1998, Marks et al. 2002, Hayes & Sewlal 2004, Cheviron et al. 2005, Nyári 2007). Unlike D. 
pipra, genetic structure was not found within Amazonian populations of P. rubrocapilla, whose 
haplotypes are not differentiated across major rivers or centers of endemism previously 
described. 
  
The overall topology of the Bayesian tree of D. pipra was highly consistent with the 
hypothesis of area relationships proposed by Prum (1988) for Neotropical lowland birds 
(although the support for sister relationships in the Maximum Likelihood tree was generally 
low). This includes: 1) an early split between birds of the Inambari Center of endemism (D. p. 
microlopha) and those in the remaining Amazonian and Atlantic Forest areas, 2) a subsequent 
split between the Guyana lineage (D. p. pipra) and the remaining Eastern Amazonian plus 
Atlantic Forest haplogroup, and 3) a more recent split between birds in the Belém-Pará 
endemism area (D. P. separabilis) and those in the Atlantic Forest (D. p cephaleucus). This 
pattern is not observed in P. rubrocapilla, whose distribution, in Amazonia, is restricted to the 
region south of the Amazon River. 
 
The mtDNA genealogy and diversity levels of D. pipra populations support the 
hypothesis that the species originated in Amazonia and later dispersed to the Atlantic Forest. 
This is shown, for instance, by the phylogenetic placement of D. pipra’s Atlantic Forest 
haplogroup — whose distribution matches that of the named subspecies D. p. cephaleucus: it is 
nested within a monophyletic haplogroup that includes Northern and Eastern Amazonian 
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populations. The Atlantic Forest lineage also has lower nucleotide diversity and geographical 
structure relative to the Amazonian D. pipra haplogroups, as expected under a more recent 
origin. In P. rubrocapilla, the mtDNA tree topology likewise supports an Amazon to Atlantic 
Forest colonization route.  However, we observe that the Atlantic Forest populations of P. 
rubrocapilla show higher nucleotide diversity and are more genetic structure relative to those of 
D. pipra.  
 
My divergence time estimates recovered roughly similar ages for the most recent ancestor 
of Atlantic Forest populations in both P. rubrocapilla and D. pipra (no older than 1 Mya), yet 
information from additional (nuclear) markers are needed to confirm the hypothesis that these 
species colonized the Atlantic Forest simultaneously. Recent phylogenetic analyses of passerine 
birds have suggested that faunal interchange happened through similarly young connections 
between the Amazon and the Atlantic Forest, either through regions presently characterized by 
drier Cerrado and Caatinga habitats, or via the coast of northeastern Brazil (Batalha-Filho 
2013b). Although the molecular data are consistent with the existence of such a recent 
connection, the lack of documented populations (and hence samples) from forest enclaves and 
gallery forests within the Caatinga and Cerrado precludes me from distinguishing between these 
two possible pathways. 
 
Integrating climatic modeling and historical population demography 
 
My species distribution models promote insight about the role of Late Quaternary climate 
change on the distribution of genetic diversity within the target taxa. The present-day model of D. 
pipra was highly accurate, justifying its use in paleoclimatic retrojections (but note that here no tests 
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of extrapolation across space in the present were conducted; see Anderson 2013; and Radosavljevic 
and Anderson 2014). The model of P. rubrocapilla identified suitable areas that are not presently 
occupied by the species in Northern Amazonia (more specifically, in Colombia and Southwestern 
Venezuela, Peru, Bolivia, French Guiana, Suriname, and Guyana). This region is nonetheless 
occupied by a closely related species with similar morphology and behavior, P. erythrocephala 
(Prum 1990, Prum 1992, Tello 2001, Castro-Astor 2004), which may suggest niche conservatism in 
this group and provide an explanation for these areas (but see Guisan et al. 2014). 
  
None of the models projected to the past time periods emphasized here (6 Kya, 21 Kya, 
120 Kya) recovered a connection between eastern Amazonia and the northeastern region of the 
Atlantic Forest. This lack of a common signal may indicate that the time of colonization of the 
forests of northeastern Brazil by Amazonian forms (e.g., as documented by Batalha-Filho 2013b) 
did not correspond to the time periods modeled in this exercise. Alternatively, the lack of 
inferred connectivity may result from inaccuracies in the models per se (e.g. based on an 
unsampled fraction of the climatic niche), or the underlying paleoclimate layers utilized. 
Distribution models applied to the LIG period, in both species, detected an area of low suitability 
connecting Southwestern Amazonia to the southern Atlantic Forest (Figs 3. and 4). This 
colonization route is similar to one of the connections inferred by Batalha-Filho (2013b), yet 
differs in inferred timing; Batalha-Filho (2013b) suggested that such southern connections were 
much older (mid- to late Miocene). It remains to be seen whether such discordance is due to 
inaccuracies of the CCSM model, to the distinct temporal resolution of the data utilized by 
Batalha-Filho (2013b), or simply to the fact that such low suitability values may have been 
insufficient for the species to occupy those areas. Alternatively, one may argue that the possible 
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connection identified by the 21Kyr paleomodels could have been established in other glacial 
periods that were not modeled by this exercise.  
 
When considering the Amazonian range of P. ruprocapilla, models projected onto the 
CCSM suggest fragmentation into four main areas during the LGM (southwestern, northern, 
eastern, and northeastern Amazonia), with subsequent expansion into the present-day range. This 
is consistent with the signal of historical demographic expansion detected by Tajima’s D (1989) 
and Ramos-Onsins & Rozas’R2 (2002) tests, and with the overall pattern of the mismatch 
distribution of haplotypes (Table 2, Fig. 6). Because ECHAM-based range projections in 
Amazonia for the LGM were based on extrapolations into non-analog conditions, I prefer not to 
use them in a discussion of historical demographic scenarios (see Fig. 3C, hatched areas, and 
Supplementary Information Fig. S4).  
 
Conversely, both ECHAM- and CCSM-based reconstructions of D. pipra in Amazonia 
during the LGM lack complications of non-analog conditions and suggest opposite dynamics, 
suggesting high levels of climatic stability along much of the Amazonian range of this species. 
This is in agreement with the genetic data: D. pipra showed high level of nucleotide diversity 
and geographical structure in Amazonia relative to the Atlantic Forest (Fig. 2, Table 4). 
Interestingly, the ECHAM model suggests a northward expansion of the range of the species 
during the interglacial (particularly when the LGM model is compared to today’s model). My 
molecular data agree with this scenario, as the Northern Amazonia haplogroup shows signal of 
demographic expansion (Table 4; Fig. 8). Further analyses are needed to test whether the inferred 
time of expansion is in agreement with these LGM-based models, or if they occurred in other 
time periods. 
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The application of a Minimum Training Presence (MTP) threshold to the paleomodels 
suggest that the Atlantic Forest ranges of both species have not changed dramatically over the 
time periods here emphasized. Suitability values under present-day conditions are particularly 
similar to those modeled under the Mid-Holocene and, to some extent, to LIG conditions. 
However, considerable differences in suitability values were observed in LGM models. 
Particularly, the ECHAM-based paleomodels developed for P. rubrocapilla and D. pipra are 
generally in agreement with preliminary models of Atlantic Forest cover (Carnaval & Moritz 
2008): they suggest higher suitability in the central and northern portion of the forest relative to 
the south during the LGM - a pattern not detected by the CCSM models. 
 
 Some of the population genetic data gathered for both species are in agreement with the 
ECHAM-based results and support Carnaval & Moritz (2008) hypothesis of higher stability in 
the north and central Atlantic Forest relative to the southern regions. In D. pipra, the central 
region presents higher nucleotide diversity relative to the southern forest, and one of the 
statistical tests (R2 tests) detects signature of historical demographic expansion in the south – 
which is consistent with a hypothesis of recent colonization of this region. In P. rubrocapilla, 
higher nucleotide diversity is also observed in the Northern and Central areas relative to the 
Southern forests (Table 2). P. rubrocapilla’s southern populations do not present evidence of a 
recent range expansion, which was expected under post-LGM colonization, yet this may be due 
to small sample sizes. A pattern of higher nucleotide diversity in Northern and Central Atlantic 
Forest populations does not seem to be unique to these bird species; it has been also found in 
phylogeography studies of Schiffornis turdina (Nyari 2007), Xiphorhynchus fuscus (Cabanne 
2007), Conopophaga lineata (Pessoa 2007), Sclerurus scansor (D’Horta et al. 2011), and the 
39 
 
genus Pyriglena (Maldonado-Coelho 2012; but see Cabanne et al. 2012, and Batalha-Filho et al. 
2012 for exceptions). 
 
It is clear that no single hypothesis is able to explain the overwhelming majority of 
biodiversity patterns in Neotropical wet forests (see Bush 1994, Haffer 1997, Dantas et al. 2011). 
The genetic data and species distribution models of P. rubrocapilla and D. pipra show that 
phylogeographic patterns and demographic responses between these two species are congruent in 
just a subset of their ranges. The levels and patterns of genetic structure in Amazonia, for 
instance, differ widly between these two taxa: D. pipra has more marked genetic structure and 
also higher paleoclimatic stability relative to P. rubrocapilla. Yet, both species have similar 
genetic patterns in the Atlantic Forest, and the data suggest that Pleistocene climatic dynamics 
resulted in higher suitability in the Northern and Central populations relative to Southern areas. 
Further studies, including more samples and nuclear markers, are needed to further understand 
these differences in the dynamics and genetic structure between Amazonian and Atlantic Forest 
populations. Notably, however, these data reinforce the importance of conserving the northern 
and central biodiversity-rich remnants of the Atlantic Forest, where protected areas are urgently 
needed in the face of the rapid pace of deforestation (Ribeiro et al. 2009).  
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Supplementary Table S1. Sampling localities of Pipra rubrocapilla and Dixiphia pipra, including geographic coordinates, sample size 
per locality, and voucher numbers. Numbers in parentheses, after the locality name, represent sampling sites depicted in Figs. 5 and 7. 
Letters in parenthesis after voucher numbers indicate haplotype sequence as per Supplementary Table S4 and S5.  
Species Locality Latitude Longitude Sample size Voucher (Haplotype 
sequence type) 
Pipra rubrocapilla Reserva Biológica União, Rio de Janeiro State (13) 22
o
25'40''S 42
o
02'06W'' 5 UERJC24526
b
 (P) 
UERJC24536
b 
(P) 
UERJC24547
b
 (P) 
UERJC24782
b 
(P) 
UERJD51919
b 
(P) 
 Fazenda Cupido e Refúgio, Espirito Santo State (12) 19º 03'13,0''S 39º 58'15,7''W 1 DAMZFS100003
b
 (P) 
 Ilhéus, Ecoparque de UNA, Bahia State (9) 15°9'35"S 39°2' 42"W 6 MPEG70775
l 
(R)
 
MPEG70789
l 
(R)
 
MPEG70776
l 
(R)
 
MPEG70777
l 
(R)
 
MPEG70778
l
 (P) 
MPEG70790
l 
(R) 
 Restinga Trancoso, Bahia State (11) 16
o
32'27"S 39
o
06'28"W 1 UERJD38947
b 
 (P) 
 Igrapiúna, Reserva da Michelin, Bahia State  (8) 13
o
50'S 39
o
10'W 4 DAMZUEFS00438
b 
(R)
 
DAMZUEFS00599
b 
(R)
 
DAMZUEFS00651
b 
(R)
 
DAMZUEFS00652
b 
(R) 
 Santa Terezinha, Serra da Jibóia, Bahia State (7) 12
o
51'S  39
o
28'W 7 DAMZFS739
b
 (R) 
55 
 
DAMZFS740
b 
 (R) 
DAMZFS741
b
 (R) 
DAMZFS742
b 
(R)
 
DAMZFS744
b 
(R)
 
DAMZFS749
b 
(R)
 
DAMZFS753
b 
(R) 
 RPPN Serra Bonita, Fazenda Paris, Camacan, Bahia State 
(10) 
15° 25' 29"S 39° 32' 31"w 3 MZUSP91029
l 
(P) 
MZUSP91030
l
 (R) 
MZUSP91031
l
 (P) 
 Timbauba, Pernambuco State (2) 07°36’50.4”S 35° 22’39.7”W 6 FM392359l (K) 
FM392360
l
 (O) 
FM392361
l
 (N) 
FM392362
l
 (N) 
FM392363
l
 (N) 
FM392364
l
 (N) 
 Serra do Espelho, Pernambuco State (3) 7° 49' 3"S 34° 51' 40"W 2 FM392452
l 
(N) 
FM392453
l
 (N) 
 Mata do Estado, Pernambuco State (1) 07°35'00"S  35°30'00"W 9 FM427165
l
 (N) 
FM427166
l 
(N) 
FM427167
l
 (N) 
FM427168
l
 (N) 
FM427169
l
 (N) 
FM427170
l
 (N) 
FM427171
l
 (N) 
FM427172
l
 (N) 
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FM427173
l 
(N) 
 Macambira, Pernambuco State (4) 8
o
35'59.9994S 36
o
25'59.9982"W 1 FM427174
l
 (N) 
 
 
Barreiros, Engenho Cachoeira Linda, Pernambuco State (6) 08
o
48'S 35
o
19'W 1 MPEG72131
1
 (N) 
 Ibateguara, Engenho Coimbra, Usina Serra Grande, Alagoas 
State (5) 
8
o
58'56"S  35
o
51'51"W 14 FM427175
l 
(N) 
FM427176
l
 (N) 
FM427177
l
 (N) 
FM427178
l
 (N) 
FM427179
l
 (L) 
FM427180
l
 (N) 
MPEG70502
l
 (Q) 
MPEG70500
l
 (N) 
MPEG70504
l
 (N) 
MPEG70503
 l
 (M) 
MPEG70501
l
 (S) 
MPEG70505
l
 (N) 
MPEG70506
l 
(N) 
MPEG70507
l
 (N) 
 Canarana, Fazenda Tanguro, Mato Grosso State 12
o
53'29.8"S 52
o
22'26.7"W 2 MPEG60340
l
 (A) 
MPEG60341
l
 (C) 
 Novo Progresso, Base Aeronaútica Serra do Cachimbo, 
Torre II 
09
o
16'S 54
o
56'W 1 MPEG-57985
1
 (B) 
 Parque Estadual Sucunduri, margem direita do rio Bararati, 
Amazonas State 
08
o
3'35.916"S 59
o
38'42.933"W 1 INPAA0770
l
 (D) 
 Manicoré, Rodovia do Estanho, km 136, Amazonas State 08
o
41'14,3"S 61
o
24'29,4"W 1 MPEG57761
l
 (E) 
 Belterra, Flona do Tapajós, Santarém/Cuiabá, BR 163 Km 3
o
21'22"S 54
o
56'57"W 1 MPEG56127
l
 (F) 
57 
 
117, Para State  
 ca 45 km sudoeste de Porto Velho, margem esquerda do Rio 
Madeira, Rondonia State 
9
o
10'S 64
o
23'W 1 INPAA0341
l
 (G) 
 Porto Walter, Igarapé Cruzeiro do Vale, Colônia Dois 
Portos, Acre State 
08
o
20'35.7"S 72
o
36'19.7"W 1 MPEG62160
l
 (I) 
 Rio Ouro Preto, margem esquerda, Guajará-Mirim, Reserva 
Biológica Ouro Preto, Rondonia State  
10
o
50'S 64
o
45'W 1 MPEG55065
l
 (J) 
 Tefé, Base Petrobras/Urucu, Igarapé Lontra, Amazonas State 04
o
 51'S 65
o
 04'W 1 MPEG57187
l
 (J) 
 RDS, Cujubim, ca 390 km SW Jataí, Amazonas State 5
o
13'11"S 68
o
19'00"W 1 MPEG60256
l
 (J) 
 Itaituba, FLONA Amanã, Garimpo JMS, margem direita 
Igarapé Porquinho, Para State   
5
o
06'28.3"S  57
o
32'07.8"W 1 MPEG65153
l 
(J) 
 Jacareacanga, Transamazônica, ponte sobre o Rio Igarapé 
Preto, Para State  
5
o
54'12.6"S  57
o
41'30.1"W 1 MPEG65645
l
 (J) 
 Campo do Lago Preto, margem esquerda do Rio Madeira, 39 
km W Novo Aripuanã, Amazonas State 
5
o
09'S  60
o
44'W 1 INPAA0418
b
 (H) 
 Floresta Nacional de Caxiuanã, Melgaço, Para   1 KF228555  (R) 
Dixiphia pipra Reserva Biológica União, Rio de Janeiro State (8) 22
o
25'40''S 42
o
02'06W'' 20 UERJC23264
b
 (F) 
UERJC23549
b 
(F)
 
UERJC23594
b 
(F)
 
UERJC24508
b 
(F)
 
UERJC24516
b 
(F)
 
UERJC24519
b 
(F)
 
UERJC24520
b 
(F)
 
UERJC24521
b 
(F)
 
UERJC24531
b 
(F)
 
UERJC24534
b 
(F)
 
UERJC24541
b  
(F)
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UERJC24546
b 
(F)
 
UERJC24554
b 
(F)
 
UERJD30786
b 
(F)
 
UERJD30787
b 
(F)
 
UERJD30790
b 
(F)
 
UERJD30794
b 
(F)
 
UERJD51860
b 
(F)
 
UERJD51928
b 
(F)
 
UERJD51931
b 
(F) 
 Reserva Biológica de Poço das Antas, Rio de Janeiro State 
(9) 
22
o
30'00''S 42
o
10'00''W 3 UERJD30775
b 
(F)
 
UERJD30776
b 
(F)
 
UERJD30777
b 
(F) 
 Fazenda São Lázaro, Restinga de Jurubatiba, Rio de Janeiro 
State (7) 
S22º16’31”S 41º39’49”W 3 DAMZFS100024b (F) 
DAMZFS100025
b 
(F)
 
DAMZFS100026
b 
(F) 
 Parque Estadual Paulo César Vinha, Espirito Santo State (6) 20º 37'15,1''S 40º25'40,8''W39º 2 
 
DAMZFS100001
b  
(H) 
DAMZFS100002
b 
(H) 
 Fazenda Cupido e Refúgio-Linhares, Espirito Santo State (5) 19º 03'13,0'S W39º 58'15,7'' 1 DAMZFS100004
b 
(H) 
 Santa Terezinha, Serra da Jibóia, Bahia State  (1) 12
o
51'S 39
o
28'W 2 DAMZUEFS00647
b 
(F)
 
DAMZUEFS00653
b 
(G) 
 Mata do Pacangê, Reserva Michelin, Bahia State (3) 13° 50' 28,9''S 39° 14' 28''W 1 MZUSP91510
l 
(H) 
 Mata da Pancada Grande, Reserva Michelin, Bahia State (2) 13° 47' 03,8''S 39° 10' 25,9''W 1 MZUSP91511
l 
(G) 
 Ilhéus, Ecoparque de UNA, Bahia State (4) 15°9'35"S  39°2'42"W 3 MPEG70779
b 
(G)
 
MPEG70780
b 
(H)
 
MPEG70781
b  
(G) 
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 Estrada Manacapuru-Novo Airao Km75, Amazonas State 2º51'0"S 60º52'0"W 1 AMNHDOT14157
l 
(J) 
 Margem esquerda do Rio Negro, ca 10 km E São Gabriel da 
Cachoeira, estrada da Olaria, Amazonas State 
0
o
7'12"S 67
o
4'55"W 1 INPAA1121
l 
(K) 
 Rio Araca, Barcelos, Amazonas State 0º25'0"S 62º56'0"W 1 AMNHDOT14580
l 
(K) 
 Parque Nacional do Jaú; margem esquerda Rio Jaú, 
comunidade "Seringalzinho", base Tiaracá, Amazonas State 
1
o
56'S 61
o
44'W 1 INPAA1965
l 
(N) 
 Parque Nacional Viruá, "Sede", 35 km SSE Caracaraí, 
Roraima State 
01
o
48'58"N 61
o
07'41"W 1 INPAA1085
l 
(M) 
 Alenquer, ESEC Grão, Para State 00°09'S 55°11'W 1 MPEG65492
l 
(I) 
 Óbidos, Flota do Trombetas, Para State 00°57'S 55°31'W 1 MPEG65071
l 
(O) 
 ESEC Juami-Japurá; margem direita do Rio Japurá; baixo 
Rio Juami, ca 94 km W Japurá, Amazonas State 
01º39’20"S 68º03’50"W 1 INPAA0693l (L) 
 Margem direita do Rio Demini, "Demini Camp", ca 105 km 
N Barcelos, Amazonas State 
01°40'N 63°34'W 1 INPAA1255
l 
(P) 
 15 km WSW Caracarai; margem esquerda R Branco, vicinal 
Agua Boa, Rondonia State 
01°42°25"N 61°10'24"W 1 INPAA1682
l 
(Q) 
 110 km ENE Santa Isabel do Rio Negro; margem esquerda 
do Rio Preto, "Comunidade campina do Rio Preto, 
castanhal", Amazonas State 
0°24'0"S 65°2'0"W 1 INPAA1601
l 
(R) 
 Município de Santa Bárbara, GUNMA, Pará State 01°11'57.3"S 48°17'57.1"W 1 MPEG59100
l 
(U) 
 Marajó, Breves, Sítio do Waldir   01°33'48.2"S 50°23'24"W 1 MPEG61143
l 
(V) 
 Portel, FLONA do Caxiuanã, Plot PPBIO, Pará State  01°57'S 51°36'W 1 MPEG61918
l 
(W) 
 Novo Progresso, Base Aeronaútica Serra do Cachimbo, 
Torre II, Pará State 
09°16'S 54°56'W 1 MPEG57978
l 
(T) 
 Parque Estadual Sucunduri; margem direita R. Bararati, 
Amazonas State 
08°21'S 58°37'W 1 INPAA0858
l 
(S) 
 Tefé, Base Petrobras/Urucu, Igarapé Lontra, Amazonas State 04°52'S 65°07'W 1 MPEG57188
l
 (E) 
 Tarauacá, Floresta Estadual do Mogno, Br 364 km 6 Rio 
Tauari, Amazonas State 
05°56'38"S 71°32'07.9"W 1 MPEG60801
l
 (D) 
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 Feijó, Rio Envira, Novo Porto, Foz do Ig. Paraná do Ouro, 
Acre State 
08°27'35.5"S 70°32'22.9"W 1 MPEG63810
l 
(D) 
 Resex Baixo Juruá; margem direita do baixo Rio Juruá; Rio 
Andirá, Comunidade Cumaru, ca 50 km Sul de Juruá, 
Amazonas State 
03º 54’ 43"S W66º 05’ 23" 1 INPAA0812l (D) 
 Tarauacá, Floresta Estadual Rio Gregório, próximo ponte 
Rio Acuraua, Acre State  
08°04'04.6"S 71°10'37"W 1 MPEG60800
1
 (D) 
 Costa Rica 10
o
22'06.67'' N 83
o
55'39.99'' W 1 GU985497 (A) 
 Guyana   1 KF228546 (B) 
 Zamora, Chinchipe, Ecuador 4
o
09'10.48'' S 79
o
36'18.80'' W 1 KF228547 (C) 
 
Tissue type: b = blood; l=liver 
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Supplementary Table S2. Occurrence data for Pipra rubrocapilla that were used for species distribution modelling. 
Specie Country State Locality Latitude Dec Longitude Dec 
Pipra rubrocapilla Brasil Alagoas 
Ibateguara, Engenho Coimbra, Usina Serra 
Grande -8.96667 -35.85 
Pipra rubrocapilla Brazil Alagoas 
Murici Biological Forest, 59km nw of 
Maceio. -9.29595 -35.945 
Pipra rubrocapilla Brazil Alagoas Ibateguara -8.9835 -35.8428 
Pipra rubrocapilla Brasil Pernambuco Timbauba -7.6 -35.3667 
Pipra rubrocapilla Brasil Pernambuco Serra do Espelho -7.81667 -34.85 
Pipra rubrocapilla Brasil Pernambuco Mata do Estado -7.58333 -35.5 
Pipra rubrocapilla Brasil Pernambuco Macambira -8.6 -36.4333 
Pipra rubrocapilla Brazil Pernambuco Saltinho Biological Resserve -8.65808 -35.1181 
Pipra rubrocapilla Brazil Pernambuco Parque Dois Irmãos, Recife -8.05 -34.8667 
Pipra rubrocapilla Brazil Pernambuco Mata de Aldeia, Camaragipe -8.01667 -34.9667 
Pipra rubrocapilla Brazil Pernambuco Engenho Cachoeira Linda, Barreiros -8.81667 -35.4667 
Pipra rubrocapilla Brazil Sergipe 
Santa Luzia do Itanhy, Crato forest ; 
Aracaju mudflats -11.3402 -37.4487 
Pipra rubrocapilla Brazil Espírito Santo Fazenda Cupido e Refúgio, Linhares -19.05 -39.9667 
Pipra rubrocapilla Brazil Espírito Santo 
Reserva Natural da Vale do Rio Doce, 
Linhares -19.151 -40.0259 
Pipra rubrocapilla Brazil Espirito Santo Pau Gigante -19.8333 -40.3667 
Pipra rubrocapilla Brazil Rio de Janeiro União Biological Reserve -22.4167 -42.0333 
Pipra rubrocapilla Brazil Rio de Janeiro Poço das Antas Biological Reserve -22.5 -42.1667 
Pipra rubrocapilla Brasil Bahia 
RPPN Serra Bonita, Fazenda Paris, 
Camacan -15.4167 -39.5333 
Pipra rubrocapilla Brazil Bahia Restinga Trancoso -16.5333 -39.1 
Pipra rubrocapilla Brazil Bahia Igrapiúna, Reserva da Michelin -13.8333 -39.1667 
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Pipra rubrocapilla Brazil Bahia Santa Terezinha, Serra da Jiboia  -12.85 -39.4667 
Pipra rubrocapilla Brazil Bahia Ecoparque de UNA, Ilhéus -15.15 -39.7 
Pipra rubrocapilla Brazil Bahia 
Serra da Jibóia, Fazenda Jequitibá, Elísio 
Medrado -12.8667 -39.4667 
Pipra rubrocapilla Brazil Bahia Jequie to Salvador, stop in forest -13.9807 -39.8502 
Pipra rubrocapilla Brazil Bahia Fazenda Ouro (Wana) -14.9 -39.1 
Pipra rubrocapilla Brazil Bahia c. 3 Km W of Fazenda (Aruana), near Una -15.1833 -39.2833 
Pipra rubrocapilla Brazil Bahia Michelin Forest Reserve, Ituberá -13.8333 -39.2333 
Pipra rubrocapilla Brazil Bahia Reserva Capitão, Itacaré -14.3167 -39 
Pipra rubrocapilla Brazil Amazonas Manicoré, Rodovia do Estanho, km 136  -8.68333 -61.4 
Pipra rubrocapilla Brazil Amazonas 
Município de Humaitá, Terra Indígena 
Parintintin, Aldeia Pupunha  -7.46667 -62.9333 
Pipra rubrocapilla Brazil Amazonas RDS Cujubim, ca 390 km SW Jutaí   -5.21667 -68.3167 
Pipra rubrocapilla Brazil Amazonas 
RDS Cujubim, margem esquerda do Rio 
Jutaí   -5.63333 -69.1667 
Pipra rubrocapilla Brazil Amazonas 
Humaitá, Território Indígena Ipixuna, 
Aldeia Canavial, Miriti  -6.55 -62.05 
Pipra rubrocapilla Brazil Amazonas Coari, Rio Urucu, Trilha do Papagaio   -4.85 -65.0667 
Pipra rubrocapilla Brazil Amazonas 
Maués, Flona do Pau Rosa, Comunidade 
Caiaué   -4.01667 -58.4333 
Pipra rubrocapilla Brazil Amazonas 
Humaitá, margem esquerda Rio Madeira, 
Ipixuna   -7.51667 -63.3333 
Pipra rubrocapilla Brazil Amazonas Estirão do Equador, Atalaia do Norte   -4.51667 -71.6 
Pipra rubrocapilla Brazil Amazonas Amazon River -7.6667 -65.7667 
Pipra rubrocapilla Brazil Amazonas Barra de São Manoel -7.3464 -58.1597 
Pipra rubrocapilla Brazil Amazonas Pousada on left bank Rio Juruena -7.64228 -58.2366 
Pipra rubrocapilla Brazil Pará 
Município de Juruti, Base Capiranga, 
Igarapé Mutum  -2.6 -56.1833 
Pipra rubrocapilla Brazil Pará 
Rio Xingu, margem direita, Senador José 
Porfírio -3.51667 -51.7167 
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Pipra rubrocapilla Brazil Pará 
Belterra, Flona do Tapajós, 
Santarém/Cuiabá, BR 163 Km 117  -3.35 -54.9333 
Pipra rubrocapilla Brazil Pará 
Novo Progresso, Base Aeronaútica Serra do 
Cachimbo, Torre II  -9.26667 -54.9333 
Pipra rubrocapilla Brazil Pará 
Jacareacanga, Transamazônica, ponte sobre 
o Rio Igarapé Preto   -5.9 -57.6833 
Pipra rubrocapilla Brazil Pará 
Novo Progresso, Flona Jamanxim, Rio 
Jamanxim, margem esquerda -6.53333 -55.65 
Pipra rubrocapilla Brazil Pará 20 km SW de Novo Progresso   -7.18333 -55.4833 
Pipra rubrocapilla Brazil Pará 
Itaituba, FLONA Amanã, Garimpo JMS, 
margem direita Igarapé Porquinho   -5.1 -57.5333 
Pipra rubrocapilla Brazil Pará Santarém, Retiro   -2.38333 -55.7833 
Pipra rubrocapilla Brazil Pará Portel, FLONA do Caxiuanã, Plot PPBIO -1.95 -51.6 
Pipra rubrocapilla Brazil Pará 
Placas, Assentamento Comunidade 
Fortaleza   -3.78333 -54.9333 
Pipra rubrocapilla Brazil Pará 
Jacareacanga, FLONA do Crepori, Rio das 
Tropas, Cotovelo   -6.51667 -57.4333 
Pipra rubrocapilla Brazil Pará Jacareacanga, Igarapé do Rato   -5.4 -56.9167 
Pipra rubrocapilla Brazil Pará Jacareacanga, Aproeste   -6.48333 -58.15 
Pipra rubrocapilla Brazil Pará Aveiro, Rio Mamuru   -3.31667 -56.35 
Pipra rubrocapilla Brazil Pará 
Santarém, RESEX Tapajós-Arapiuns, Alto-
Mentai   -2.78333 -55.6 
Pipra rubrocapilla Brazil Para Vila Braga -4.4167 -56.2833 
Pipra rubrocapilla Brazil Para Itaituba -4.2833 -55.9833 
Pipra rubrocapilla Brazil Para Portel, FLONA do Caxiuana, Plot PPBIO -1.95 -51.6 
Pipra rubrocapilla Brazil Para Santarem -2.4333 -54.7 
Pipra rubrocapilla Brazil Para Benevides -1.3667 -48.25 
Pipra rubrocapilla Brazil Para Vigia -0.8 -48.1333 
Pipra rubrocapilla Brazil Rondônia 
Município de Ji-Paraná, Igarapé Lurdes, 
Aldeia Gaviões  -10.4333 -61.65 
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Pipra rubrocapilla Brazil Rondônia 
Rio Ouro Preto, margem esquerda, Guajará-
Mirim, Reserva Biológica Ouro Preto  -10.8333 -64.75 
Pipra rubrocapilla Brazil Rondônia 
Machadinho D'Oeste, margem direita Rio 
Jiparaná -8.9 -62 
Pipra rubrocapilla Brazil Rondônia Fortaleza do Abunã  -9.76667 -65.5167 
Pipra rubrocapilla Brazil Rondônia Pousada Ecológica Rancho Grande -10.2979 -62.8667 
Pipra rubrocapilla Brazil Rondônia Rio Verde to Lago do Cuniã -8.34624 -63.41 
Pipra rubrocapilla Brazil Mato Grosso Canarana, Fazenda Tanguro  -12.8833 -52.3667 
Pipra rubrocapilla Brazil Mato Grosso Paranaíta, Rio Teles Pires   -9.41667 -56.75 
Pipra rubrocapilla Brazil Mato Grosso 
Paranaíta, margem direita Rio Teles Pires, 
Sete Quedas   -9.3 -57.5833 
Pipra rubrocapilla Brazil Mato Grosso 
Paranaíta, margem direita Rio Teles Pires, 
Sete Quedas   -9.31667 -56.7833 
Pipra rubrocapilla Brazil Mato Grosso Querência, Fazenda Tanguro   -12.8833 -52.3667 
Pipra rubrocapilla Brazil Mato Grosso Xingu Refúgio Amazonico -12.1441 -54.1046 
Pipra rubrocapilla Brazil Mato Grosso Rio Cristalino -9.44906 -56.3599 
Pipra rubrocapilla Brazil Mato Grosso Serra dos Caiabis, Alta Floresta -10.75 -56.75 
Pipra rubrocapilla Brazil Acre 
Tarauacá, Br 364 km 40 Rio Liberdade, 
margem direita  -7.88333 -71.65 
Pipra rubrocapilla Brazil Acre Porto Acre, Reserva Humaitá  -9.75 -67.6667 
Pipra rubrocapilla Brazil Acre 
Senador Guiomard, Br 364 km 80, Ramal 
Oco do Mundo km 16   -9.83333 -67.1667 
Pipra rubrocapilla Brazil Acre 
Porto Walter, Igarapé Cruzeiro do Vale, 
Colônia Dois Portos   -8.33333 -72.6 
Pipra rubrocapilla Peru Madre de Dios 
0 km SW from Puerto Maldonado; 
Tambopata Reserve -12.88 -69.28 
Pipra rubrocapilla Peru Madre de Dios 0 km from Pampas del Heath -12.7 -68.8 
Pipra rubrocapilla Peru Madre de Dios 
Puerto Maldonado (Puesto de Control 
Enahuipa) -12.517 -68.7 
Pipra rubrocapilla Peru Loreto Amazon Research Center -4.33152 -73.2373 
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Pipra rubrocapilla Peru Loreto Rio Yavari -4.2 -70.2333 
Pipra rubrocapilla Peru Loreto Santa Cecilia -3.7667 -73.25 
Pipra rubrocapilla Peru Loreto Yanamono -3.46202 -72.7958 
Pipra rubrocapilla Peru Madre de Dios 
Cuzco Amazonico Reserve, 14 km E Puerto 
Maldonado -12.55 -69.05 
Pipra rubrocapilla Peru Madre de Dios 
1 km SW from Puerto Maldonado; 
Tambopata Reserve -4.2893 -72.2226 
Pipra rubrocapilla Bolivia Santa Cruz 
Noel Kempff Mercado National Park, 
Huanchaca Dos -14.2667 -60.8667 
Pipra rubrocapilla Bolivia La Paz 
0 km from Puesto Heath; Madidi National 
Park -14.55 -67.72 
Pipra rubrocapilla Bolivia Santa Cruz Estancia Caparu, Puesto Lagunitas -14.8094 -61.1746 
Pipra rubrocapilla Bolivia Santa Cruz 
0 km from Noel Kempff Mercado National 
Park; Campamento Los Fierros -14.55 -60.93 
Pipra rubrocapilla Bolivia Santa Cruz Fin del camino de los fierros -14.5529 -60.7986 
Pipra rubrocapilla Bolivia La Paz 
0 km from Puesto Ganadero; Madidi 
National Park, county Franz Tamayo 
Province -13.27 -68.57 
Pipra rubrocapilla Bolivia La Paz Puerto Moscoso, Parque Nacional Madidi -13.633 -68.733 
Pipra rubrocapilla Bolivia Santa Cruz Flor de Oro, Parue Nacional Noel Kempff -13.535 -61.008 
Pipra rubrocapilla Bolivia Santa Cruz Lago Caiman, Parue Nacional Noel Kempff -13.6 -60.915 
Pipra rubrocapilla Bolivia Pando 
Concesion Industria Madereira Pando 
(IMAPA) -11.0504 -69.2386 
Pipra rubrocapilla Bolivia Pando 0 km SW from: Cobija; Camino Mueden -11.08 -68.89 
Pipra rubrocapilla Bolivia Pando Site 5, Main Camp on Rio Negro -9.867 -65.7 
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Supplementary Table S3. Occurrence data of Dixiphia pipra that were used for species distribution modelling.  
Specie Country State/Province Locality Latitude Dec Longitude Dec 
Dixiphia pipra Brazil Rio de Janeiro União Biological Reserve -22.4167 -42.0333 
Dixiphia pipra Brazil Rio de Janeiro Poço das Antas Biological Reserve -22.5 -42.1667 
Dixiphia pipra Brazil Rio de Janeiro 
Fazenda São Lázaro, Restinga de 
Jurubatiba -22.2667 -41.65 
Dixiphia pipra Brazil Espírito Santo Parque Estadual Paulo César Vinha -20.6167 -40.4167 
Dixiphia pipra Brazil Espírito Santo Reserva Natural da Vale do Rio Doce -19.1167 -39.95 
Dixiphia pipra Brazil Bahia Santa Terezinha, Serra da Jibóia -12.85 -39.4667 
Dixiphia pipra Brazil Bahia Ecoparque de UNA, Ilhéus -15.15 -39.0333 
Dixiphia pipra Brazil Bahia Reserva Capitão, Itacaré -14.3167 -39 
Dixiphia pipra Brazil Bahia Fazenda Ouro (Wana) -14.9 -39.1 
Dixiphia pipra Brazil Bahia c. 3 Km W of Fazenda Aruana, near Una -15.1833 -39.2833 
Dixiphia pipra Brazil Bahia RPPN Estação Veracel, Porto Seguro -16.333 -39.1333 
Dixiphia pipra Brazil Amazonas 
Tefé, Base Petrobras/Urucu, Igarapé 
Lontra -4.8667 -65.1167 
Dixiphia pipra Brazil Amazonas 
Município de Coari, Base 
Petrobrás/Urucu, Igarapé Onça   -4.8667 -65.3 
Dixiphia pipra Brazil Amazonas Novo Airão, Igarapé-Açu   -2.85 -60.85 
Dixiphia pipra Brazil Amazonas Rio Cuiuni, margem direita, Barcelos   -0.7833 -63.15 
Dixiphia pipra Brazil Amazonas Japurá, Rio Mapari   -2.0333 -67.2833 
Dixiphia pipra Brazil Amazonas Maraã, Lago Cumapi   -1.7167 -65.8667 
Dixiphia pipra Brazil Amazonas Oriximiná -1.5335 -54.9094 
Dixiphia pipra Brazil Amazonas Rio Aracá, Barcelos   -0.4167 -60.9333 
Dixiphia pipra Brazil Amazonas 
RDS Cujubim, margem W Baixo Rio 
Mutum -4.9333 -68.1667 
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Dixiphia pipra Brazil Amazonas Urucará, linhão Tucuruí, Manaus   -2.3833 -57.6333 
Dixiphia pipra Brazil Amazonas Careiro, Br 319 km 158, Tupana Lodge   -4.0833 -60.65 
Dixiphia pipra Brazil Amazonas Estirão do Equador, Atalaia do Norte   -4.5167 -71.6 
Dixiphia pipra Brazil Amazonas Amazon River -7.6667 -65.7667 
Dixiphia pipra Brazil Amazonas Novo Airao -2.6167 -60.9333 
Dixiphia pipra Brazil Amazonas 
Balbina, Presidente Figueiredo, 
Amazonas -1.9333 -59.4167 
Dixiphia pipra Brazil Amazonas left bank Rio Bararati -7.5028 -58.258 
Dixiphia pipra Brazil Amazonas Rio Negro Day 3 -2.1309 -61.1004 
Dixiphia pipra Brazil Amazonas Rio Negro, above Manaus -2.9019 -60.5649 
Dixiphia pipra Brazil Amazonas Presidente Figueiredo -2.0320 -60.0197 
Dixiphia pipra Brazil Amazonas Parque Nacional do Jaú  -1.8835 -61.7375 
Dixiphia pipra Brazil Amazonas 
Parque Nacional do Jaú, chabascal trail 
5km from entrance -1.9208 -61.4573 
Dixiphia pipra Brazil Amazonas Left bank Rio Bararati -7.5028 -58.2580 
Dixiphia pipra Brazil Amazonas Rio Araca, Barcelos -0.4167 -62.9333 
Dixiphia pipra Brazil Amazonas 
Manaus, Agropecuário Da Suframa, km 
33, Zf-3 -2.63 -59.83 
Dixiphia pipra Brazil Amazonas Agropecuario da Suframa, Manaus -2.0 -59.7772 
Dixiphia pipra Brazil Amazonas Manaus -2.596 -59.9785 
Dixiphia pipra Brazil Pará 
Novo Progresso, Base Aeronaútica Serra 
do Cachimbo, Torre II -9.2667 -54.9333 
Dixiphia pipra Brazil Pará Município de Santa Bárbara, Gunma -1.1833 -48.2833 
Dixiphia pipra Brazil Pará Sítio do Waldir, Breves, Marajó -1.55 -50.3833 
Dixiphia pipra Brazil Pará 
Portel, FLONA do Caxiuanã, Plot 
PPBIO -1.95 -51.6 
Dixiphia pipra Brazil Pará Flota de Faro, ca 70 km NW de Faro   -1.7 -57.2 
Dixiphia pipra Brazil Pará Alenquer, ESEC Grão-Pará -0.15 -55.18333333 
Dixiphia pipra Brazil Pará 
Igarapé Engano, Flona Jamanxim, Novo 
Progresso -7.7 -55.65 
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Dixiphia pipra Brazil Pará Oriximiná, ESEC Grão Pará 1.2833 -58.6833 
Dixiphia pipra Brazil Pará Flota do Trombetas, Óbidos -0.95 -55.5167 
Dixiphia pipra Brazil Pará Flota do Paru, Almeirim  -0.9333 -53.2333 
Dixiphia pipra Brazil Pará REBIO Maicuru, Almeirim  0.8167 -53.9167 
Dixiphia pipra Brazil Pará ESEC Grão-Pará, Óbidos 0.6167 -55.7167 
Dixiphia pipra Brazil Pará 
FLONA do Crepori, Rio das Tropas, 
Cotovelo, Jacareacanga -6.5167 -57.4333 
Dixiphia pipra Brazil Pará FLONA do Trairão, Trairão -4.5333 -55.2 
Dixiphia pipra Brazil Pará Rio Xingu, Vila Maracanã, Faro -2.0667 -56.6167 
Dixiphia pipra Brazil Pará 
Tomé-Açu, margem direita Rio 
Tocantins   -2.5 -47.9833 
Dixiphia pipra Brazil Pará Itaituba, Km 85 Transgarimpeira   -6.9833 -56.1667 
Dixiphia pipra Brazil Pará 
Comunidade Casinha, Lago Sapucuá, 
Oriximiná -1.75 -56.2167 
Dixiphia pipra Brazil Pará Pousada Rio Azul -13.8333 -39.2333 
Dixiphia pipra Brazil Pará Novo Progresso -7.15 -55.4833 
Dixiphia pipra Brazil Pará Flona Caxiuanã -1.8 -50.7667 
Dixiphia pipra Brazil Pará Bacia 100, Paragominas  -2.742 -47.8681 
Dixiphia pipra Brazil Pará Caxiuanã -1.7335 -51.4556 
Dixiphia pipra Brazil Pará Beinafica (Bemfica) -1.3 -48.3 
Dixiphia pipra Brazil Amapá 
Rio Amapari, Parque Nacional 
Montanhas do Tumucumaque  1.6 -52.4833 
Dixiphia pipra Brazil Amapá 
Rio Mapaoni, Parque Nacional 
Montanhas do Tumucumaque 2.1833 -54.5833 
Dixiphia pipra Brazil Amapá 
Rio Anotaie, Parque Nacional 
Montanhas do Tumucumaque 3.2 -52.1 
Dixiphia pipra Brazil Amapá 
Rio Mutum, Parque Nacional Montanhas 
do Tumucumaque 1.3833 -51.9167 
Dixiphia pipra Brazil Amapá 
Rio Anacuí, Parque Nacional Montanhas 
do Tumucumaque 1.8333 -52.7333 
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Dixiphia pipra Brazil Acre 
Tarauacá, Br 364 km 40 Rio Liberdade, 
margem direita -7.8833 -71.65 
Dixiphia pipra Brazil Acre 
Tarauacá, Floresta Estadual do Mogno, 
Br 364 km 6 Rio Tauari   -5.9333 -71.5333 
Dixiphia pipra Brazil Acre 
Tarauacá, Floresta Estadual Rio 
Gregório, próximo ponte Rio Acuraua   -8.0667 -71.1667 
Dixiphia pipra Brazil Acre 
Feijó, Rio Envira, Novo Porto, Foz do 
Igarapé Paraná do Ouro   -8.45 -70.55 
Dixiphia pipra Brazil Acre 
Mâncio Lima, Estrada do Barão 
Comunidade São Domingos -7.55 -72.9833 
Dixiphia pipra Brazil Acre Feijó, Baixo Rio Jurupari, Humaitá   -7.95 -69.9333 
Dixiphia pipra Brazil Acre 
Feijó, Rio Jurupari, margem esquerda, 
Novo Oriente -8.2167 -69.85 
Dixiphia pipra Brazil Acre Jordão   -9.2 -71.85 
Dixiphia pipra Brazil Mato Grosso Alta Floresta -9.8667 -56.0833 
Dixiphia pipra Brazil Mato Grosso Serra dos Caiabis, Alta Floresta -10.75 -56.75 
Dixiphia pipra Brazil Mato Grosso Rio Cristalino -9.4490 -56.3379 
Dixiphia pipra Brazil Mato Grosso Rio Teles Pires, Ilha Cristalino -9.6332 -55.9393 
Dixiphia pipra Peru Cusco ca. Alto Materiato -12.7 -72.875 
Dixiphia pipra Peru Junin Along Rio Satipo -11.472 -74.791 
Dixiphia pipra Peru Loreto Sabalillo -3.35 -72.2833 
Dixiphia pipra Peru Loreto Tierra Blanca -4.2667 -77.2333 
Dixiphia pipra Peru Cusco Llactahuaman, Quillabamba -12.865 -73.513 
Dixiphia pipra Peru Ucayali upper Ucayali valley - Sapani -10.7096 -73.8822 
Dixiphia pipra Peru Ucayali 
upper Ucayali valley - Cohengua Stunted 
Forest -10.4130 -73.6780 
Dixiphia pipra Peru Huánuco Tingo Maria -9.2919 -75.9760 
Dixiphia pipra Peru Ucayali Junin Pablo -8.9056 -74.2653 
Dixiphia pipra Peru Ucayali Contamana Hills -7.1987 -74.9453 
Dixiphia pipra Peru San Martin Rio Verde camp -6.7188 -77.4268 
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Dixiphia pipra Peru San Martin Quebrada Mishquyacu -6.0748 -76.9790 
Dixiphia pipra Peru Amazonas Pampa del Burro -5.6406 -77.9470 
Dixiphia pipra Peru Loreto Lagunas -5.2396 -75.6616 
Dixiphia pipra Peru Loreto Centro Investigaciones Jenaro Herrera -4.8997 -73.6507 
Dixiphia pipra Peru Loreto Allpahuayo-Mishana Reserve -4.1444 -73.4937 
Dixiphia pipra Peru 
 
Upper Rio Comainas -3.917 -78.433 
Dixiphia pipra Peru Loreto Explornapo Lodge -3.2579 -72.91745 
Dixiphia pipra Peru Loreto Piedras Camp (Rio Algodoncillo) -2.7928 -72.9170 
Dixiphia pipra Peru Loreto Campamento Choro -2.6106 -71.4859 
Dixiphia pipra Peru La Libertad Above Utcubamba On Trail To Ongon -8.28 -77.3 
Dixiphia pipra Peru Pasco 
Prov. Oxapampa; Distrito Puerto 
Bermudez; Comunidad San Juan -10.5043 -74.8081 
Dixiphia pipra Peru Amazonas Quebrada Huacabamba -6.5917 -77.5533 
Dixiphia pipra Ecuador Orellana 
Shiripuno Amazon Lodge, Huaorani 
reserve, border of Orellana and Plastaza  -1.1 -76.7167 
Dixiphia pipra Equador Orellana Yuturi Lodge -0.5333 -76.3833 
Dixiphia pipra Equador Orellana 
Yasuni Research Station, Parque 
Nacional Yasuni -0.6667 -76.3833 
Dixiphia pipra Ecuador Orellana Yuturi Lodge -0.5333 -76.0333 
Dixiphia pipra Ecuador Zamora-Chinchipe 
Tepui Trail, Cabañas Yankuam, Zamora-
Chinchipe -4.25 -78.6833 
Dixiphia pipra Ecuador Morona-Santiago Kapawi Lodge -2.5680 -76.7277 
Dixiphia pipra Ecuador Zamora-Chinchipe 
Podocarpus National Park, Bombuscaro 
entrada -4.1095 -78.9660 
Dixiphia pipra Ecuador Napo Gareno Lodge -1.0357 -77.3972 
Dixiphia pipra Ecuador Napo loreto road chonta yacu bridge, ecuador -0.6949 -77.6871 
Dixiphia pipra Ecuador Orellana Yasuni National Park -0.9602 -76.0041 
Dixiphia pipra Ecuador Napo San Jose Nuevo -0.4333 -75.3333 
Dixiphia pipra Ecuador Napo Napo Lodge -0.6033 -75.9158 
Dixiphia pipra Ecuador Sucumbios Rio Verde 0.2372 -77.5764 
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Dixiphia pipra Ecuador Pastaza Rio Rutuno -1.9166 -77.2333 
Dixiphia pipra Colombia Valle del Cauca Alto Anchicaya 3.5 -76.5833 
Dixiphia pipra Colombia Valle del Cauca 
Alto Anchicaya, corregimiento El 
Danubio, Valle 3.38333 -76.7833 
Dixiphia pipra Colombia Meta 
Cubarral, Vereda Aguas Claras, Serrania 
de Aguas Claras 3.8161 -73.9195 
Dixiphia pipra Colombia Boyacá 
Boyaca, Corregimiento de Paez, Vereda 
de El Tunjo 5.0833 -73.05 
Dixiphia pipra Colombia Meta Plateau, Mt. Macarena 2.75 -73.9164 
Dixiphia pipra Colombia Antioquia 
Salazar, Bodega Vieja, Trocha a 
Aguadenos, cuenca del Rio Riachon 6.9716 -75.0568 
Dixiphia pipra Colombia Vichada Selva de Mataven, Cano Cajaro 4.5589 -68.1975 
Dixiphia pipra Colombia Vichada Selva de Matavén, Río Orinoco 4.6092 -67.8644 
Dixiphia pipra Colombia Antioquia Salgar 5.97 -75.98 
Dixiphia pipra Colombia Antioquia Anorí 7.07 -75.15 
Dixiphia pipra Colombia Santander 
Río Negro. Fca. San Isidro (Pablo 
Contreras) 7.1228 -72.245 
Dixiphia pipra Colombia Antioquia Arrierito Antiqueno Reserve 7.0212 -75.1403 
Dixiphia pipra Colombia Caquetá 
Inspeccion de policía La Esmeralda. 
Alto Rio Yurayaco 1.3486 -76.1031 
Dixiphia pipra Colombia Guaviare Cano Cocuy, Cerro Moyano, Río Inírida 2.1764 -71.1828 
Dixiphia pipra Colombia Nariño 
Cuenca alta de los Rios Rumiyaco y 
Rancheria. Territorio Kofan. 0.4683 -77.2855 
Dixiphia pipra Colombia Caquetá Rio Mesay 0.2422 -72.9375 
Dixiphia pipra Venezuela Amazonas 
Dpto. Rio Negro, vicinity of Cerro de la 
Neblina base camp on Rio Mawarinuma 0.8333 -66.1667 
Dixiphia pipra Venezuela Amazonas 
Mavaca Tapriapeco Base Camp; Rio 
Mavaca 2.03 -65.12 
Dixiphia pipra Venezuela Amazonas Camturama 5.2183 -67.7952 
Dixiphia pipra Venezuela Bolívar Rio Grande, Imataca Forest Reserve 8.0449 -61.6429 
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Dixiphia pipra Venezuela Bolívar Upata  8.17 -61.75 
Dixiphia pipra Venezuela Bolívar Las Claritas--Capuchinbird Road 6.18267 -61.4106 
Dixiphia pipra Venezuela Amazonas Subregion Orinoco 3.971 -67.111 
Dixiphia pipra Venezuela Bolívar Subregion Ventuari 4.193 -66.749 
Dixiphia pipra Venezuela Bolívary Upata 6.5 -66.5 
Dixiphia pipra Suriname Sipaliwini Palumeu Jungle Lodge, Suriname 3.1542 -55.7529 
Dixiphia pipra Suriname Sipaliwini 
Suriname - Palumeu, river, Kwepipan 
trail, Abrase trail 3.70804 -54.9193 
Dixiphia pipra Suriname Heliodoxa Camp Sipaliwini Distrikt 3.8984 -56.1621 
Dixiphia pipra Suriname Sipaliwini Distrikt Ridgetop 8 km N of Juliana Top 3.7533 -56.5217 
Dixiphia pipra Suriname Para Distrikt, Boven Coesewijne Nature Reserve 5.45 -55.2 
Dixiphia pipra Suriname Neger Kreek Marowijne Distrikt 5.5833 -54.2 
Dixiphia pipra French Guiana Cayenne Cayene river 4.9333 -52.333 
Dixiphia pipra French Guiana Roura Oyak River 4.6584 -52.3387 
Dixiphia pipra French Guiana Iracoubo Saint-Laurent-du-Maroni 5.4833 -54.05 
Dixiphia pipra French Guiana Iracoubo Fleuve Mana 5.15 -53.75 
Dixiphia pipra French Guiana Saul Saul 3.6172 -53.2086 
Dixiphia pipra French Guiana Angoulême Angoulême 5.4103 -53.6552 
Dixiphia pipra Guyana Georgetown Iwokrama Forest, White Sand Forest 4.3667 -58.85 
Dixiphia pipra Guyana Georgetown 
Iwokrama Forest, Atta Harpy Eagle, nest 
trail 4.2333 -58.9 
Dixiphia pipra Guyana Georgetown Essequibo; Waruma River 2.9 -58.9333 
Dixiphia pipra Guyana Georgetown Essequibo Islands-West Demerara 2.0835 -59.2495 
Dixiphia pipra Guyana Potaro-Siparuni Iwokrama Field Station 4.6827 -58.6950 
Dixiphia pipra Guyana Cuyuni-Mazaruni Kamarang River 5.8686 -60.6093 
Dixiphia pipra Guyana Upper Demerara-Berbice Shiribina Creek area 5.5333 -58.1833 
Dixiphia pipra Guyana Mahaica-Berbice Taurakuli, Abary River 5.9553 -57.7958 
Dixiphia pipra Guyana Guyana Shanklands Area 6.4381 -58.6024 
Dixiphia pipra Panama Chiriquí  Gualaca, 22 km NNE; Reserva Forestal 8.7167 -82.2333 
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Fortuna 
Dixiphia pipra Costa Rica Cartago Rancho Naturalista 9.8167 -83.55 
Dixiphia pipra Costa Rica Alajuela Celeste Mountain Lodge 10.7139 -85.0441 
Dixiphia pipra Costa Rica San Jose Quebrada Gonzalez 10.1394 -83.9555 
Dixiphia pipra Costa Rica Cartago Guayabo 9.95 -83.65 
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Supplementary Table S4. Polymorphic sites of mitochondrial DNA sequences of Pipra rubrocapilla (1041 bp of ND2,  n = 75 sequences). 
Asterisk refers to non-synonymous mutations.   
Haplotype 4 7 1 2 3 4 4 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 8 8 8 9 9 9 9 9 9 9 1 
 
8 2 3 8 1 3 6 6 7 8 3 3 4 5 8 8 9 1 2 4 5 6 0 2 5 9 5 7 9 3 4 6 6 7 8 9 0 
   
2 8 2 3 2 8 8 3 4 5 9 5 2 9 1 8 5 2 4 0 2 9 1 5 9 9 7 3 5 3 6 9 4 3 0 
                            
    
     
8 
A G T T A C A A G G T T T C T T G T T A C T C A T C G T C T C C T C G T G G 
B . . . . . . . . . C . . . A C . . . G . . T . . . . . .    . . A
*
 . . A 
C . . . . . . . . . . . . . A C . . . G . . T . . . . . .    . . . . . A 
D A . . . . . . . . . . . . A C . C . . . C . . . . A . .    . T . . . A 
E . . . . . . . . . . . . . A C . C . . . C . . . . A . .    . T . . A A 
F . . . . . . . . .  . . . . A C . . . . . C . . . . A . .    . . . C . A 
G . . . . . . G . . . . . . A C . . . . . C . . . . . . .    . T . . . A 
H . . . . . . . A . . . . . A C . . . . . C . . . . . . .    . T . . . A 
I . . . G . . . . . . . . . A C . . . . . C . . . . . . .    . T . . . A 
J . . . . . . . . . . . . . A C . . . . . C . . . . . . .    . T . . . A 
K . . . . T G . A . . C C . A C A
* 
. . . . . . G . . . . T    . . . . . A 
L . . . . T G . A . . C C . A C A
*
 . . . T . . . . . . . T    . . . . . A 
M . . . . T G . A . . C C T A C A
*
 . . . . . . . . . . . T    . . . . . A 
N . . . . T G . A . . C C . A C A
*
 . . . . . . . . . . . T    . . . . . A 
O . . C . T . . A A . C . . A C . . C . . . . . . . . . .    . . . . . A 
P . C . . T . . A . . C . . A C . . . . . . . . . . . . .    . . . . . A 
Q . . . . T . . A . . C . . A C . . . . . . . . . . . . .    A . . . . A 
R . . . . T . . A . . C . . A C . . . . . . . . C . . C .    . . . . . A 
S . . . . T . . A . . C . . A C . . . . . . . . C A . C .    . . . . . A 
R . . . . T . . A . . C . . A C . . . . . . . . . . . . . G
*
 T A . . . . . A 
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Supplementary Table S5. Polymorphic sites of mitochondrial DNA sequences of Dixiphia pipra (1041 bp of ND2, n = 60 sequences). 
Asterisk refers to non-synonymous mutations.   
 
Haplotype 9 1 3 3 5 6 9 9 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 
  
5 2 7 4 3 0 9 0 4 5 6 7 8 9 1 2 2 2 4 5 7 8 8 9 9 1 3 4 8 8 3 3 3 
         
2 4 6 2 7 6 5 0 2 5 7 6 2 6 5 9 3 8 2 6 5 1 5 0 3 8 
                                   A T T T
*
 C C C A G A T C A T C A C T A
*
 T C G
*
 C T C C A
*
 T C T T C T A C 
B . . C T . T G
*
 A G C . . C . C . C G . A A T . T . G C T . C . . . . 
C . . .
 *
 . . . . . . C . . . . C . . .
 *
 C
*
 T A . . . T .
 *
 . . . C T . . T 
D . . .
 *
 T . . . A G C . . C . C . C G . T A T . . . .
 *
 . T C C . . . . 
E . . .
 *
 T . . . A G C . . C . C . C G . T A T . . . .
 *
 . T C C . . . . 
F . C C T . T . A . C . . C . C T C G . T A T . . . G C T . C . . . . 
G . C C T . T . A . C . . C . C T C G . T A T . . . G C T A
*
 C . . . . 
H . C C T . T . A . C . . C . C T C G . T A T . . . G C T . C . . . . 
I . . C T A T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
J . . C T . T G
*
 A G C A . C . C . C G . A A T . . . G C T . C . . . . 
K . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
L . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
M . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
N . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
O . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . G
*
 . 
P . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
Q . . C T . T G
*
 A G C . . . . C . C G . A A T . . . G C T . C . . . . 
R . . C T . T G
*
 A G C . . C . C . C G . A A T . . . G C T . C . . . . 
S . . C T . T . A G C . . C A C . C G . T A T C . . G C T . C . . . . 
T . . C T . T . A G C . . C A C . C G . T A T C . . G C T . C . . . . 
U C . C T . T . A G C . . C . C . C G . T A T C . . G C T . C . C . . 
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V . . C T . T . A G C . G C . C . C G . T A T C . . G C T . C . . . . 
W . . C T . T . A G C . G C . C . C G . T A T C . . G C T . C . . . . 
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 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 
 6 7 7 7 8 0 0 1 2 3 4 5 6 8 9 9 1 1 1 2 2 3 3 5 5 6 7 8 8 9 0 2 2 2 
 7 4 7 8 0 7 8 0 8 4 9 5 4 9 4 7 2 5 8 7 8 0 7 1 7 9 9 2 4 5 8 1 2 3 
                                   
A T
*
 T T G C G C G C T C C A G C C T C C T A A T C C T T T T C A A
*
 C
*
 T
*
 
B C . C . . . . A . . . . . . . T C T T C . . . T . . . . C . . . . . 
C . . C A . A . A A . . . G . . T C . . . G
*
 . . . . . . . . . G G T C 
D C . C . A . . A . . . . . . T T C T T C . . . T . . C . C . . . . . 
E C . C . A . . A . . . T . . T T C T T C . . . T . . C . C . . . . . 
F C . C . . . . A . C . . . A
*
 T T C T T C G
*
 . . T . C . . C . . . . . 
G C . C . . . . A . C . . . A
*
 T T C T T C G
*
 . . T . C . . C . . . . . 
H C . C . . . . A . C . . . A
*
 T T C T T C G
*
 . . T . C . . C . . . . . 
I C . C . . . . A . . . . . . . T C T T C . . . T . . . . C T
*
 . . . . 
J C . C . . . . A . . . . . . . T C T T C . G
*
 . T . . . . C . . . . . 
K C . C . . . . A . . . . . . . T C T T C . G
*
 . T . . . . C . . . . . 
L C C C . . . . A . . . . . . . T C T T C . . . T . . . . C . . . . . 
M C . C . . . . A . . . . . . . T C T T C . . . T . . . . . . . . . . 
N C . C . . . . A . C . . . . . T C T T C . G
*
 . T . . . . C . . . . . 
O C . C . . . . A . . . . . . . T C T T C . . . T . . . . C . . . . . 
P C . C . . . . A . C . . . . . T C T T C . . . T T . . . C . . . . . 
Q C . C . . . . A . C . . . . . T C T T C . . . T . . . . C . . . . . 
R C . C . . . . A . C . . . . . T C T T C . . . T . . . . C . . . . . 
S C . C . . . T A . C T . . . T T C T T C . . A
*
 T . . . . C . . . . . 
T C . C . . . T A . C . . . . T T C T T C . . . T . . . C
*
 C . . . . . 
U C . C . . . T A . C . . . . . T C T T C . . . T . . . . C . . . . . 
V C . C . . . T A . C . . . . . T C T T C . . . T . . . . C . . . . . 
W C . C . . . T A . C . . . . . T C T T C . . . T . . . . C . . . . . 
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 7 7 7 7 7 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 1 1 1 1 
 2 3 4 6 8 9 2 2 4 5 6 7 7 9 0 1 3 4 4 6 8 9 0 0 0 0 
 6 9 1 8 1 3 2 5 2 2 4 6 9 7 3 0 9 5 8 6 2 3 0 0 1 3 
                       1 8 2 2 
                           
A A A C C C C G A C A A T C C T C G A A C T G T A T T 
B . . T . . T A . . . C C . T . . A . G T . . . . . C 
C G G
*
 . T . . . . . . C . T . . T . . . T . . C
*
 . C . 
D . . . . A
*
 T A . . . C C T T . . A G
*
 G T . A . . . . 
E . . . . A
*
 T A . . . C C T T . . A G
*
 G T . A . . . . 
F . . T . . . A . . G C C . T . . A . G T . . . G . . 
G . . T . . T A . . G C C . T . . A . G T . . . G . . 
H . . T . . T A . . G C C . T . . A . G T . . . G . . 
I . . T . . T A . . . C C . T . . A . G T . . . . . C 
J . . T . . T A . . . C C . T . . A . G T . . . . . C 
K . . T . . T A . . . C C . T . . A . G T . . . . . C 
L . . T . . T A . . . C C . T . . A . G T . . . . . C 
M . . T . . T A . . . C C . T . . A . G T . . . . . C 
N . . T . . T A G . . C C . T . . A . G T . . . . . C 
O . . T . . T A . . . C C . T . . A . G T . . . . . C 
P . . T . . T A . . . C C . T . . A . G T . . . . . C 
Q . . T . . T A . . . C C . T . . A . G T . . . . . C 
R . . T . . T A . . . C C . T . . A . G T . . . . . C 
S . . T . . T A . . . C C . T . . A . G T . . . . . . 
T . . T . . T A . . . C C . T . . A . G T . . . . . . 
U . . T . . T A . T
*
 . C C . T . . A . G T . . . . . . 
V . . T . . T A . T
*
 . C C . T . . A . G T C
*
 . . . . . 
W . . T . . T A . T
*
 . C C . T C . A . G T . . . . . . 
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Supplementary Fig. S1. Model selection using test omission rate (10 percentile training 
presence), and test data AUC for Pipra rubrocapilla implemented with linear (L), quadratic (Q), 
product (P), threshold (T), and hinge (H) feature classes, different regularization multipliers, and 
19 climatic variables. 
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Supplementary Fig. S2. Model selection using test omission rate (10 percentile training 
presence), and test data AUC for Dixiphia pipra implemented with linear (L), quadratic (Q), 
product (P), threshold (T), and hinge (H) feature classes, different regularization multipliers, and 
19 climatic variables. 
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Supplementary Fig. S3. Bayesian Inference-based divergence times of Pipra rubrocapilla and 
Dixiphia pipra, based on 1041 bp of the ND2 of the mtDNA, and including other manakin 
species. Lepidothrix coronata, Heterocercus linteatus and Manacus manacus were used as 
outgroups. Numbers indicate posterior probability (above), median value, and 95% posterior age 
intervals in million years (below). 
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Supplementary Fig. S4. MaxEnt’s Multivariate Environmental Similarity Surface (MESS) map for 
Pipra rubrocapilla (top) and Dixiphia pipra (bottom), showing areas where environmental variables 
fell outside the range present in the training data. Blue colors represent positive values; white colors 
represent values around zero, and red colors represent negative values; darker colors indicate more 
extreme values. 
 
 
 
